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Rapid Transit. | 
gy PROF. L. M. HAUPT, MEM. ENGINEER'S CLUB OF PHILA. 


(Read May 17th, 1884.) 
An article appeared quite recently in one of | 
our local papers containing this statement: | 
“The Enormous Growth of Travel on city rail- 
ways in New York, especially since the con- 
struction of elevated railroads, is little short 
of marvellous.” ‘Chis was followed by a quo- 
tation of statistics from the letter of John I. 
Davenport, Esq., dated March 29th, 1884, ad- 
dressed to Mr. Melville C. Smith, President of 
the Broadway Underground Railway. As 
this letter is deserving of more than ordinary 
consideration, I desire to call your attention to | 
a few of its prominent features and to draw 
some additional conclusions therefrom, with 
special reference to our own city. 
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TOPOGRAPHY. 


It considers first the topography of New 
York City or Manhattan Island, which is 
about nine and ahalf miles in length from 
Castle Garden to the Sixth Avenue crossing of 
the Harlem River, and about two miles in 
average width. The area within these limits, 
as measured by the planimeter, being 18} sq. 
miles. The island is surrounded by navigable 
rivers, which, with its water connections, ex- 
tending as far westas Minnesota, have given it 
great commercial supremacy. Originally the 
surface was rugged and rocky, with numerous 
swampy depressions, which it has been diffi- 
cult and expensive to grade and drain. 

As the opponents of Rapid Transit in Phila- 
delphia have made the topography of the two 
cities the main point in the arguments pro and 
von, it may not be amiss to compare condi- 
tions. Philadelphia, like New York, is situ- 
ated between two navigable rivers, but which, 
for the built-up portion, are a little farther 
apart than are those of that city. Instead of 
being an island itis a peninsula. West Phila- 
delphia, in its topography, may be compared to 
Brooklyn; and Camden to Jersey City. Both 
cities adjoin a foreign State. If a plan of Man- 
hattan Island be laid over one of Philadelphia, 
drawn on the same scale, so that the Battery 
coincides with League Island, and Sixth Ave- 
nue with Broad Street, the Harlem River at 
Sixth Avenue (150th Street) will be found 
above Erie Avenue, and the whole of this part 
of New York will lie between these north and 
south limits and the two rivers, with about an 
equal area to spare. Or, if the plan of New 
York be shifted so as to bring the City Hall up 
to Market Street, the Battery will be found at 
Washington Avenue, and Fourteenth Street at 
Girard Avenue, while the Harlem will just 
touch the county line road. If then, there is 
a necessity for Rapid Transit in New York, 
there is a greater necessity for it in Philadel- 
phia, for its need is proportional to the extent of 
surface and the distance of the residents from 
the business centers. 

New Yorkers have the additional great ad- 
vantage that their lines of communication are 
nearly all direct, while Philadelphians, in 
crossing the city diagonally, must be contin- 
ually turning aside to go around the corner. 


COMMERCIAL SUPREMACY. 


Mr. Henry C. Gardner, in an address to real 
estate owners in New York, in 1870, said: 
‘Commercial prosperity is secured and re- 
tained only by constant enterprise. Seventy 
years ago (1800) Philadelphia was the first com- 
mercial city on this continent. She contained 
& population of 70,287,* while that of her great- 
est rival was only 60,529. But New York added 
to the advantages of her harbor those of the 
Erie Canal, and thus secured the Western 
trade and with it commercial supremacy. For 
years she experienced the flood tide of suc- 
cess; but in 1860 the ebb began, since which 
time her decline has been far more rapid than 
her advancement. 


Se rate ae 
This was within the old city limita. 
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POPULATION. 


Between 1800 and 1860 the increase of popula- 
tion in New York as compared with that of the 
United States was as 253 to 100, while from 1860 
to 1870 the figures were reversed. In Brooklyn 
the population in 1860 was 266,661, and in 1870 
it was 396,661, showing a gain of 130,000, which 
was 17,328 more than that of New York for the 
same period. The ratio of increase being as 
48.75 per cent. to 13.84 per cent. In 1840 there 
were only 14,342 persons living above Four- 
teenth Street, when the city limits extended 
only to Twenty-sixth Street. In 1860 the pop- 
ulation above Fourteenth Street had increased 
to 313,494, while that of the Third Ward, which 
is west of the City Hall, had decreased from 
11,581 to 3,757, a loss of 7,724 or about 70 per 
cent. 

Between 1840 and 1860 the total population 
increased 500,959 or 160 per cent., yet the Sec- 
ond »nd Third Wards decreased 187 per cent. 
The part above Fourteenth Street increased in 
these twenty years over 658 per cent. against 
160 per cent. for the entire city. Street rail- 
ways were introduced in 1852, and in 1860 there 
were six lines in operation, carrying for that 
year 36} millions of passengers. 

During the next five years six more lines 
were added, and in 1865 these twelve lines car- 
ried over 82 millions of passengers, yet the 
movement was confined to the old limits at 
Eighty-sixth Street, and during the next five 
years no additional lines were built, although 
the patronage in 1870 exceeded 115 millions. 

The ratio of increase of population for the 
sixty years prior to 1860 was 28 per cent. every 
five years, 5.6 per cent. a year, which, had it 
remained constant until 1870, would have 
given a population then of 1,334,973, an in- 
erease of 520,404, whereas the actual increase 
was only 112,672, showing a loss of 407,732, a 
population greater than that of the city of 
Brooklyn, all of which would have been 
located in the upper part of the city but for 
lack of transportation facilities. The mere 
pecuniary loss to the real estate interests from 
this cause is estimated at $500,000,000, the 
revenues from which, @ 2 per cent., would 
have been $10,000,000. 


TIME LIMITS OF TRAVEL IN NEW YORK. 


Thus it is seen that up to 1860 New York in- 
creased rapidly in wealth and population, 
when she outgrew her limits and overflowed 
into Brooklyn and New Jersey, the stages and 
street cars being incapable of making better 
time and thus extending their distances. The 
limit of travel, as measured by time and con- 
venience, in New York was then about four 
miles, and the business center being at Wall 
Street, made it more expeditious and certain 
to reside even at some distance across the 
rivers than at the upper end of the island. 
Measured by time alone Harlem was 34 miles 
from the City Hall and Elizabeth, N. J., but 14. 
The convenience and certainty of travel by 
steam roads as contrasted with the sufferings 
and delays by the horse cars, in winter especi- 
ally placed an effectual barrier across the 
northward current and diverted it into the 
eastern and western channels. 


showed 495,592 persons in 111,000 families (4) to 
a family) living in 15,309 tenements and cellars. 
An average of 32.37 persons or 7} families to a 
house. Again in 1869 there were 483,492 per- 
sons in 113,405 families occupying 14,872 tene- 
ments, an average of 31} persons to a house, 
and very nearly the same condition was found 
to exist in 1880, when there was an average of 
31 to each tenement. 

In Philadelphia, in 1870, there were 674,022 
persons housed in 112,366 dwellings, giving 6 to 
each house. In 1860 the number was 6.3 to 
each house, and in 1880,5.8. Here there are 
two extreme cases to which it may be said the 
same rule will not apply, but we will see on 
examination that it does, for ‘‘ It’s a poor rule 
that wont work both ways.’’ New York is so 
densely inhabited, not because it has no Rapid 
Transit facilities, but because they are wholly 
inadequate to provide for the wants of the 
community ; it needs more for the health and 
morality of its citizens, and Philadelphia with 
her 910,707! inhabitants, spread out over 129.3 
square miles of area, needs them for concen- 
tration and economy of time and energy. Itis 
a question of time vs. health, for if our facili- 
ties of transit do not keep pace with our in- 
crease of population we will soon be corralled 
by time limits, and the density, mortality and 
immorality of the population must increase 
correspondingly. In New York 75 per cent. of 
all the deaths occur in the tenement houses or 
hospitals, where in some wards, notably the 
Tenth, Eleventh, Thirteenth, Fourteenth and 
Seventeenth, the population ranges from 432, 
353, 349, 314 to 309 to the acre, while the best 
authorities place the maximum density com- 
patible with health at 100 to the acre. 

In Phildaelphia, in 1880,the Third Ward was 
peopled at the rate of 150 to the acre, and the 
Fourteenth was nearly as dense. The Fourth, 
Seventeenth, Twelfth, Thirteenth, Seventh and 
Tenth are all above the maximum limit (in the 
order given). These wards lie south of Pine 
Street north of Vine, as stated in a previous 
paper on Intercommunications in Cities (Vol. 
II, 1881), where the subject of the distribution 
of the population is more fully treated, and 
some important deductions given, which need 
not now be repeated. It will be sufficient to 
indicate these overcrowded zones by a shade 
on the map, thus exhibiting their relative po- 
sitions and extent, and showing where relief is 
desired. 

Theoretical Consideration of the Relative Rates of Travel, 

Whether on Foot, by Street Cars, by Elevated or Under- 

ground Roads, or by Ordinary Surface Railroads, as 


Affecting the Areas Available forla Salubrious Distribu- 
tion of Population. 


As the velocities of travel are equal to the 


d 
distances divided by the times, or »v = —, let 

t 
us assume a uniform value for ¢, variable values 
for v and determine the resulting values for d, 
and, as, a fair basis of comparison, let us make 
the time hmit a half hour, as being the average 
time which the business or laboring classes of 
a community require in going to, or in return- 
ing from, their occupations. The value of ¢ 
will then be 30 minutes. In this time and at 
the ordinary velocities the distances traversed 
will be 


DENSITY AND DISTRIBUTION OF POPULATION. 
**In 1860 the population of New York was 


Miles. Min. 
813,669, of which number 468,549 or 57.6 per! For pedestrians, .-.-- 2 or at the rate of1 milein 15 
cent. resided below Fourteenth Street, in adis-| ‘‘ horse cars, si ee ; 10 
trict covering but 3} sq. miles of the 38.1lin-| « = ae St 6 5 
cluded in city limits. In 1870 the population| “ underground | i, « - . 3 


or way trains, 

It will probably meet the case fully to assume 
that each person traveling by any of the above 
means moves over the entire distance, that is, 
that a pedestrian makes a round trip of 4 miles 
from the perimeter to the business center and 
back; hence the limits of a city where the 
residents go on foot would have a radius of 
two miles or an area of 12} square miles if 
people could move across it radially. 


Thine. 8 


was 942,292, of whom 497,289 or 52.8 percent., a 
little more than half, lived within the above 
limits; and in 1880, of 1,206,299 persons only 
542,251 or 45 per cent., considerably less than 
half, remained in the aforesaid district. This 
diminution of 12.6 per cent. shows the com- 
bined relief afforded by the surface and 
elevated roads to this densely populated dis- 
trict, and is its own commentary on the inade- 
quacy of the provision. New York waited too 
long for rylief. 
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Under similar conditions the street car or 
cable city would be limited by a radius of 
three miles or an area of 28} square miles; the 
elev ated railroad city of six miles with an area 
of 113,04 square miles, or four times that of the 
street car, and the underground railroad city a 
radius of ten miles or an area of 314 square 
miles, These theoretical limits, except the 
last, are shown in the map by the several 
circles described from Sixth and Market 
Streets as a business centre. 

Practically, however, as there are no radial 
streets in the greater portion of these areas, 
and passengers are thus compelled to zigzag 
across the city diagonally, the areas will be- 
come squares with their diagonals on the prin- 


cipal axes, and the practical limits will be as 
follows: 


Pedestrians,........ diag. 4 miles, area 8.00 sq. miles, 
Horse or cable, ot es ~ we 
Elevated ol ae a * /93.00 
Underground..... SR ** 200.00 

whilst the total area of the city is 129.3 square 

miles. 

With the business centre at sixth and Market 
Streets however, the pian of this city does not 
admit of unlimited expansion in all directions, 
as the Delaware River will cut off the eastern 
angles of the squares, thus reducing the prac- 
tically available areas to about 6} square miles 
or 5 per cent. of the whole area for pedes- 
trians;? 13} square miles or 10} per cent. for 
street cars, and 50 square miles or 44 per cent. 
of the entire area for elevated roads. From 
the above data it is evident that a rate of travel 
of 6 miles per hour is altogether inadequate to 
render available the territory of a city having 
an area of 129 square miles. 


VERIFICATION, 


To verify the above assumptions as to posi- 
tion and distances the present limit of the built 
up portion of the city has been indicated on the 
map, from inform ition furnished by the Reg- 
istry Department, and by comparing it with 
the square representing the street car city, it 
will be seen that the half hour limits of street 
car travel have already been reached and in 
some instances passed, and that the depots 
and stables are close to these limits, being 
generally inside. 

Where there are diagonal avenues, asin the 
case of Ridge, Lancaster and Woodland Ave- 
nues, and the oblique streets in the north- 
eastern section of the city, the improvements 
have slightly surpassed the limits, proving 
conclusively the effect of a reduction of time 
and distance ia extending and rendering more 
valuable the taxable property of the city. 

In the southern portion the buildings have 
not yet quite reached the street car limit, but as 
the residents are chiefly artisans and the 
manufacturing centre is north of Vine Street, 
this would bring them tothe half hour limit 
from their centre of occupations. But irrespec- 
tive of these limits, as determined by linear 
distances from a centre, let us compare the 
areas. We have found the theoretical street 
car city to contain 13} miles or 8,640 acres. 
The built up city as measured by a planimeter, 
excluding Fairmount Park, Woodland, Penn- 
sylvania Hospital for Insane and the Alms- 
house grounds and Schuylkill River, contains 
about 16 square miles or 10,108 acres, leaving 
an excess over the street car city of 1,468 acres, 
located in the salients bordering the diagonal 
avenues previously mentioned. A part of this 
area is accommodated by the various railroads 
entering the city, but they cannot be regarded 
as fulfilling the requirements of rapid transit 
for a local or resident population, as the local 
trains are run at too long intervals, stations 
are too far apart and fares too high. 


If it be true, as shown above, that the city has 


? The actual area of the built-up part of the city at 
the date of introduction of street cars 1*58-59 was 
7 square miles and the limits are found to coincide 
very closely with the theoretical square above given, 
thus further corroborating the correctness of the as- 
sumed data. The center of the built-up sity is t Sixth 
and Cherry Streets and not atSixth and Mar ot Stree 
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surpassed her limits of travel by street vars, then 
there should be a diminution in the percentage 
of increase in population and an overflowing 
In the direction of least resistance or to that 
portion most available and nearest in point of 
time. Let us see what the statistics have to 
say. 


CENSUS OF PHILADFLPHIA CITY AND CouNTY. 


YEAR. | soruzarton. | INCREASE. | RATE. 


1800 


| 1,009 | 
111/210 30,201 
135,637 | 24.497 

| 188,797 | 53,160 

| 958,037 69,240 

| 408,762 

|” 565,529 

| 674,022 
847,170 


150,725 
156,767 
108,493 
173,148 
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Here isa marked and rapid decline in the 
ratio of growth from 5.9 per cent. per annum in 
the decade ending 1850, to 2.5 per cent. in that 
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ing a half mile more available for pedestrians 
and over a mile for those who ride to the ferry 
on the Camden side. We would then expect 
Camden to receive a large portion of the over. 
flow. What are the facts? 


The population from 1850 to 1880 js 


as 
follows: 


P 
| crease in de. 
___ cade, 


1950 | 9.479 | 
1*60 14,358 4,879 

1870 20,045 

1880 41,659 


51 per cent. 
-_  “ 





And it is believed that the ratio of increase 


since 1880 is even greater than 10.8 per cent. 
per annum. 


Does Philadelphia desire to drive her popu- 
lation into an adjoining State? 


In West Philadelphia the increase is a, 
follows: 
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RAPID TRANSIT IN PHILADELPHIA. 


ending 1880. Had the ratio of 1850 remained 
constant for these thirty years the population 
should have numbered 1,124,995, instead of 
847,170, beinga loss of 276,925 persons with all 
that it entails. Yet this additional population 
could not be housed in the present city with- 
out greatly endangering the health and wel- 
fare of the community and reducing it to the 
deplorable condition of the tenement districts 
of New York, which are a disgrace to our civ- 
ilization. Will any one say that this “ City of 
Homes’”’ has reached the limits of a ripe old 
age and must now decline in her senility for 
want of more rapid communications? 

Again, if Philadelphia has reached the limit 
of growth by street cars, and there be an 
available spot for habitation outside of the 
city but within the time limit we have as- 
sumed, we must look there for an increase of 
population. To cross the Delaware River re- 
quires from five to eight minutes, and the 
boats run at intervals of seven minutes. Thus, 
in an extreme case, it may take fifteen minutes 
to cross the river ; thisis equivalent to one mile 


ts.'on foot, or one and a half in street cars, leav- 


Years. Population. Increase. | Rate. | 


' 


| ~ Before Consolidation of City 
1850 5,571 i 


D \. . 
1860 23,738 | 18,167 326...| 24th Ward. 
1870 43,571 | 19,833 84... 24th & 27th 
1880 | 69,341 | 25,770 59. Wards. 


The available space in West Philadelphia 
is the narrow strip between the Penna. R. R. 
and Woodland Avenue, hence the crowding 
out beyond time limits and the rapid decline 
in the ratio of growth. 


ELEVATED ROADS. 


We have already shown that if the velocity 
of travel be increased to that of elevated roads, 
the area, within the half hour limit, would 
equal three times that of the present built up 
city, but since itis impossible to have such 
roads pass every door, we will confine our at- 
tention to two lines, running at right angles to 
each other through the same business center, 
viz., Sixth and Market Streets. And here we 
are met by the query: Of what use would such 
lines be to the majority of citizens? The ques- 
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tion viinee itself into this: How far from the 
“a L ” > 
to save time by patronizing it rather than by 
walking in a straight line to his objective 
point, were that possible? 

Let 
the 


A B represent 


# . ° 
line of railroad 


and (the residence | 
of a citizen who must | 


walk a distance 


A, or else, 
ble, v 


if possi- 
valk a distance 


Jat + r 


As the times of trav- | 


must be equal for 
the outer limit and the velocities on + and a 
are unequal, we have the equation 


r 


v 


a 





r 


in Which vis the rate on foot and +’ by the| 


a 
elevated road. This gives «= — (r? 1), 7} 
2r 
hd 
being = — —ratio of velocities. Ifthen r= 3 
e 
. . . 4a 
as it is in this vase, .c will be equal to —; or 


- 3 
1} times thé distance traveled on the railroad 
would be the distance one might walk to use 
it, if the time limit be made indefinite or un- 
limited. Thus the whole area of the 
would be benefited by an L road and the see- 
tors of tributary area would overlap. The 
central angle of this sector being 106° 16’, the 
four angles would give 425°, or a total overlap- 
ping of 65°, which, in the absence of diagonals 
for walking, should more than equal the loss of 
time in making connections. For horse cars 
the locus of equal time intervals would be , a 

or nearly half mile on foot to a mile by street 
ear, and for way trains on railroads the dis- 
tance is 4? a, or the reciprocal of that by horse 
car travel. 

But as we have limited our distances to a 
half hour of travel, it is evident that this limit 
is reached at a point on the elevated road at 
six miles from the centre, and hence at that 
distance the citizen must live on the line of 
the road, while, if he walk at all, his distance 
from the line must not exceed that given by 
6—a 
— where ais the length of 
that portion of the elevated road used, mea- 
sured from the center. 

From this formula when @ is zero, . will be 
two miles, and when .« is zero a will be six 
miles. Straight lines joining these points will 
then give the perimeter of the half hour limit 
and will show the total available area tributary 
to the road within this time limit. This en- 
closed area is equal to 36 square miles for 
these two lines of railroad, but as the eastern 
salient will lie over the river it should be de- 
ducted, leaving about 30 square miles, or 
19,200 acres as the tributary area,* and if the 
population be put at the healthful iimit of 100 
to the acre, the total population in this area 
would be 1,920,000, and if the annual patronage 
were only ten‘ times the total population, it 
would reach the large aggregate of 19,200,000 
pussengers for these two lines. 

In New York the number of passengers 
carried on all lines in 1883 was 200 times the 
total population, that by the four elevated 
roads being 70 times, and so great is the need 
for more rapid transit that a bill authorizing 
the construction of the Broadway Under- 
ground Railway has passed the legislature, 
and the company is preparing to push the 
work vigorously. It is proposed to lay four 
tracks, two for through and two for way trains, 


the formula x7 


The present built up area is 16 square miles. 
* In New York the average is 17% times, Vol. rv.—10. 


road may a person live so as to be able | 


and ride «a to reach | 


el by the two routes } 


city | 
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| the first to run from the Battery to 130th street The fears of the opponents of elevated 


roads of losses to the city or the individual, 
from withdrawal of patronage or depreciation 
of property, are shown by experience in New 
York to be groundless. 

u 


|in 17 minutes, or to High Bridge in 22 minutes 
|and the north line of the city in 34, with but 
few while the other would run more 
slowly and stop more frequently. The pro- 
posed capacity will be a million passengers a 
day, and it will carry freight at night.* 
Boston, has just authorized the con- | 
struction of a new form of elevated road for 
more rapid travel to Cambridge, and it is 
\hoped that the request recently made of this | 
“EL” | 
road in the northeastern section thereof, will | 
| receive prompt attention. 


stops, 


if Philadelphia desires to retain even the 
present low rate of increase in population and 
high rate of salubrity, must promptly re 
spond favorably to the request of her citizens 
to be permitted to build elevated roads. 

10. The limits of the city are not such as to 
warrant any corporation in building an wnader- 
ground road, were it allowed, with any 
| prospect of returns for many years. 


too, she 


| city to grant the right to construct an 
fair 
| 


If the 2) per cent. increase of population in saat 
: . : : ID yA. 
| Philadelphia has remained constant during | 


ithe past three years, the present population | A local paper, issued May ZIst, contained 
would be 910,707, whilst the estimated total | this statement: “There is an average of 543 
steeet car travel is 110,644,571. Thus the ratio | peop le to an acre living in New York City. 

of travel to povulation is as 121 to 1. The | his error was probably derived from a table 
travel here is divided between 17 lines, giving | PUDlished with oa letter of Mr. 
citer 


Davenport, 


an average of about 6} millions to each line. — viously where, under the head of 
In New York it is 7% millions. ‘** Population to the acre,’? occur the figures 


| 841.16, but a closer in spection shows that they 
are on the horizontal line opposite the words 

“Average to the block,’’ and the block con- 
tains an average of 2.98 acres, which would 
make the population to the acre 282.3 instead 
of 843. This, moreover, is exclusive of the 
streets, parks, ete. The correct exhibit is 
given on page 6 of said letter, as follows: 

‘In the year 1880, including all the parks, 
streets and the comparatively uninhabited 
annexed district, the City of New York con- 
tained an average of 49.95 persons to the acre 
’ Omitting that portion of Westchester 
County annexed to the city in 1874 and the 
ark, we find the average population to the 
acre on Manhattan Island in the year 1880 to 
have been 109.66 individuals’’ (to the acre), 
This is but an average of 9.66 above the health 
limit. 

In Philadelphia between the Second 
Seventh Wards on the south and the 


As most of the opposition to the elevated | 
‘roads is supposed to come from property 
owners along the routes, or from parties in- 
| terested in surface roads, it may be reassuring 
to state that the effect of the improvements in 
| New York has been generally greatly to en- 
hance the values of properties on the line as 
places of business, and but temporarily to 
reduce the travel on the horse car lines, which 
in 1878, when the “L”’ roads began operations, 
were carrying about 161 millions, and in 1883 
the same surface roads conveyed 1764 millions, 
aun increase of 154 millions. In addition to 
| this the elevated roads have created a business 
in five years of over 92 millions of passengers, 
chiefly because of their increased facilities, 
and have kept people in New York who would 
otherwise have gone over the rivers. The net 
increase in valuation of reali estate in New 
York for four years prior to the opening of the 
elevated roads, as given by the annual reports 


* 


and 
FKigh- 


te ecreeeeemneenemrnmncererersmaenss 


of the Tax Commissioner, was 21,363,680, while teenth, Nineteenth and Twenty-ninth on the 
for the four subsequent years it was 134,348,616, | north, all included, the total population in 
an increase in four years of about 123 mil-| 1880 was 490,443, and the total area between 
lions. the rivers 5,829 acres, giving an average of 


The elevated roads occupy an intermediate | 44.14 persons to the acre, which is 4.14 higher 
position in cost of construction, rate of travel | than the maximum limit as fixed by the best 
and general utility between surface and under- | £vglish authorities. Throughout this paper 
ground structures, and there can be no doubt we have taken the French limit of 100 as our 
whatever that the time has fully arrived when | Unit. 
this city, for her own sake, requires them, and 
should heartily eéoperate with any parties so 
proposing to improve and extend hei re- 


a 
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The Cost of NINE e Steel Rails. 


| sources. 


The Pittsburgh Penny Press presents the fol- 
lowing itemized schedule of the cost of produc- 
ing steel rails; we give it as found, presuming 
that a Pittsburgh paper should know of whai 
it speaks on this subject: 


It is not within the province of this paper to 
indicate either the location of or the form of 
‘plant’ best adapted to subserve these ends, 
but merely to urge the importance of provid- 
ing the means to obtain them. and thus to 
promote the general welfare of the city and | 
encourage its growth. 


COST OF PIG METAL. 


11-10 tons of coke, at $2 








eniesi $2 2 
From these data and arguments we are led Ny erwinntnee-2r s 50 

to the following conclusions: Labor, including repairs .--.... 1 75 
1. The city has reached and already sur- eee expe MACS. --. ahddinan hes a8 

passed the ordinary limits of street c ar travel. bila ae ie aig kk sty oy Lx ro 
2. The ratio of increase of population is de- 

clining, chiefly from lack of more rapid and | COST OF INGOTS. 

cheaper means of transit. lke * tonsof me tal direct. ct. at $15 18. $18 4 
3. The present steam roads in the city can- | Lubricants......-......-- Sapic chelbs Can tevezends iedadas 02 

not supply the demand as they are surrace | Repairs o-oo secccrnn = 

lines; trains must move slowly and cannot be | Labor ..--.- it ntamiaat’ 113 

run at close intervals, fares are too high and Fike rene eee —— 

stations too distant. | Interest ...------++02eeeeeeeeeeee eres 2 
4. Camden, New Jersey, is rapidly gaining | Cost of a ton of ingots.... $23 42 


at the expense of Philadelphia. 
5. The annual loss to the city in revenue 
ae this cause will reach millions of dollars. | 


COST OF RAILS. 
1 05 tons ingots direct with initial hea at, at ; #22 48 





per ton. : $25 #2 

. Unless relief is provided the density of | ference seers sete teeeecteee « 1 2 
“ population must rapidly increase at the | Steam (natural gas). 10 
expense of health and morality. | SORSCRS SRPORAER: 2 0-s<n0e- res" or2 02 35 
7. Two lines of elevated railroads at right | Tools, files, ete--------------+--+--0ee-eeeereeeeeees 15 
angles to one another and properly located, | Cost of a gross ton of steel raiis..... $26 3 


would benefit an area equal to double that of | 
the built up portion of the of the city. 


According to the same paper the cost of 
| producing a ton of steel rails in England. at 
| the present time, is $20 17. 


* Since writing the above, we we learn that the bill. was | 
vetoed by the Governor. 
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ELEVATION—DAVIDSON PUMPING ENGINES, RIDGEWOOD, BROOKLYN WATER WORKS. 
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Official Duty-test of the M. T. Davidson 
Pumping Machinery at Ridgewood, 
Brooklyn Water-works. 


+ 


New York, August, 19, 1884. 
R. Van Buren, Esq., 
Engineer of City Works, Brooklyn, N. Y. 

Dear Sir:—On the 15th and 16th ult. a test 
was made of the capacity and duty of new 
Pumping Engines at Ridgewood, constructed 
under contract by the Davidson Steam Pump 
Company. 

Itis proper before giving the results, that I 
should state the circumstances under which 
the test was made. 

After a stoppage of the engines for adjust- 
ment, packing and examination, they were 
started again at ¥ o’clock a. M., of July 3d, and 
had been in continuous operation from that 
time till we commenced the test at 2 o’clock 
Pp. M., of July 15th: we then, so to speak, cut 
out 24 hours of this continuous running for the 
test, the engines being continued running after 
the test thesame as before. So that it will be 
understood that the results obtained are those 
which may be maintained in continuous work. 
No special preparations were made for the 
test other than applying the necessary instru- 
ments and apparatus for taking observations 
and obtaining the necessary data from which 
to calculate the results. I may say, however, 
that in addition to the application of the neces- 
sary instruments to the engines, there was 
fitted at the reservoir by your direction a 
suitable weir, over which the water from the 
pumps was delivered, and by observations 
taken at the weir an additional measurement 
was obtained of the amount of water delivered, 
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entirely independent of the speed at which 
the pumps were worked. 

The coal used was that which had been deliv- 
ered at the engine house by the contractors, 
and was neither selected or screened for the 
test. The engineers and firemen were the 
same as had been running the engines for 
some four or five months. 


As already mentioned, the observations for 
the test were commenced at 2 o’clock, P. m. of 
July 15th, and terminated at 2 0’clock, P. M., 
of July 16th. Atthe commencement the con- 
dition and thickness of the fires, the pressure of 
steain, and the height of water in the boilers 
were examined and noted, and care was taken 
that at the close of the test the fires and water 
and pressure of steam should be as near as 
could be determined by examination, in the 
same condition as at the commencement. 
The average pressure of steam carried during 
the test was 47.25 pounds per square inch, and 
this pressure was easily kept: more could 
have been carried if necessary, but this pres- 
sure was ample to maintain the desired speed 
of the engines (42 strokes per minute) and to 
doso only required ordinary care and atten- 


Vs 


tion to the fires and boilers: indeed, with this 
pressure of 47.25 pounds, the throttle valve 
was never wide open, most of the time only 
one half open. 


The feed water for the boilers was taken by 
a separate steam pump from the hot well of 
the air pump, but heated in the hot well addi- 
tionally, so that the average temperature of 
the feed water was 138 degrees Fahrenheit. 
The thickness and condition of the fires, height 
of water in the boilers, and the pressure of 
steam, were kept as nearly uniform as possible 
during the whole time of the test. The actual 
stroke of the pumps was measured every half 
hour, and in estimating the work of the pumps 
the actual average stroke is used instead of 
the nominal one of 36 inches; resulting in 
maximum stroke of 37§ inches, anda minimu.D 
of 35} inches, and a mean of all the measure- 
ments of 36.62inches. The engines are direct act- 
ing Compound Duplex Engines, with cylinders 
26 inches and 48 inches diameter by 3 feet stroke. 
Pumps 24 inches diameter by 3 feet stroke. 
There are eight return tubular boilers 66 inches 
in diameter by 16 feet in length, with 60 return 
tubes 4 inches diameter by 16 feet in length. 








NovEeMBER 8, 1884 


AMERICAN CONTRACT JOURNAL. 


99] 








PLAN—DAVIDSON PUMPING ENGINES AT RIDGEWOOD, B 


















SS —_S 

























MM: €. Ma 























s. 
| 
- 7 
i 
a 
& 























































































—— = : 
\ Sl E SIPS 
N aza SS pa 
N - P=4 
, 7 ——— b | 
\- BF T A 
ix Ta SS Th pate — 2 
7 =O ae 
1 . = = IOC 0 
N —S— oa Ee — i. 
N y ce 
aD 
TRS 7 
X = | ome ea ng 
7 EE eeS 
N L ie [ 
XK 4 | | 
xX =e =, 
/ OE Fi 
N = ——— Se 


eee 





The air pumps are independent, and the feed 
pump an independent steam pump. 


RESULTS. 


Average pressure of steam on boiiers....... 47.25 Ibs 
z CWETIUAGE 5 0 60 00 050s ccccsccccvceces ves .2 ins 
strokes per minute ofeach pump-- 42.3 ins 
Total consamption Mt ME ocqubdliaoseubledee 500 | 
refuse from ash pits including ashes, 
. cinders and small coal......-.--.----- 5.117 Ibs 
combustible consumed. ..........---+-- 35,383 Ibs. 


Percentage of refuse..........-e.seeeceeeeeeee 12.64 
Average consumption of coal per hour 1687.5 Ibs. 


(Notg.—There was none of the unconsumed coal 
selected from the refuse and returned to the furnaces, 
and no deduction or allowance has been made for the 
coal so wasted or lost.) 

Total amount of water delivered estimated 
by capacity of pumps and velocity, 18,268,410 
N. Y. Gallons, or 17,492,795 standard gallons in 
24 hours. 

The “lost action” of the pumps ascertained 
from the pump cards was 3 per cent. equals 
9 per cent. actual delivery. Correcting the 
delivery of water from the pumps by this co- 
efficient, it results that the actual delivery was 
17,720,358 N. Y. Gallons, or 16,968,000 standard 
gallons, 


DUTY. 
By the terms of the contract it is stated that 











CMM 





SS SOYYUwfju“7: 



















—=VV/vYyf7 


ROOKLYN WATER WORKS. 


Yj, 


\N 
\ 
NS 


\ 
S 









=? WSS 


WG 


—_—_— 


SSG 





7 one 
Pia 
} 

| 
| 
| | | 


AN 


S44) 


YZZ 


MG 
SG 


the duty “‘ shall be estimated by the pounds of| then becomes 65,756,170 feet pound per 100 
water raised into the reservoir, multiplied by | pounds of coal. 


the lift, and the lift shall be taken at 171 feet, 


If allowance of one per cent. be made for the 


as established by experiments made upon the | oa] used for driving the feed pump, the gross 


be. contract, in copying or in some other way, as I 
.| find by referring to the test of Engine No. 3 


that the pressure was allowed to equal 179.21 
feet lift. Calculating the duty upon the basis 
of the lift of 179.21 feet, the gross duty becomes 
64,669,270 feet pounds; but, as already stated, 
the feed pump was an independent steam 
pump, driven by steam from the same boilers 
as supplied the main engines, and at the test 
of Engine No. 3 by Messrs. Worthen & Cope- 
land, the proportionate amount of steam to 
drive the independent feed pump was found to 
be 1-100 of the total weight of steam used; 
hence the amount of coal consumed for the 
main engines is reduced 1-100, and the duty 
would be increased 64,669,270 plus 646,692 equals 
65,315,862 feet pounds; but if, as is usual and 
entirely proper, the duty be calculated on the 
basis of work done on the pump pistons, or the 
head due to the pressure on the pumps as as- 


certained from ‘the indicator cards, the duty} (S1enzp 


: other force mains. It would appear that the duty then becomes 65,928,660 plus 659.286 equals 
.|171 feet isan error which has crept into the | ¢¢ 587 946 feet pounds per 100 of coal. 


Should the proper allowance or credit be 
given for the coal wasted or rejected with the 
refuse from the furnaces, the duty thus ob- 
tained would be still further increased. From 
the gross duty as thus obtained 3 per cent. 
must be deducted for ‘‘lost action” of the 
pumps, to asceftain the net duty. Itis only 
fair to state, that had the test been made with 
special preparations, selection of coal, firemen, 
or other manipulation of fires, carrying a 
higher pressure of steam, together with other 
refinements: instead of as was the case, taking 
24 hours out of the running of the engines 
doing their regular work as they had been 
doing, and continued to do over a term of 
many days, the duty here given I may safely 
say would be increased at least 5 per cent. and 
probably more. 

Yours respectfully, 


Cuas. W. CopELannD, 
a 
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WE wish to call special attention of all inter- 
ested to the invaluable Report on the Bis- 
marek Bridge by Geo. R. Morison, Chief 
Engineer, a limited number of copies of which 
are offered for sale at a very low price. We 
have in our advertising columns published the 
table of contents at length. There is no time 
to lose in securing this rare work. 


SuBscrIBERS who propose to renew for the 
Magazines with which we club at reduced rates 
are reminded that the Century volume com- 
mences in November, and the Harpers in 
December. Subscriptions cease promptly at 
expiration of time so that considerable trouble 
is saved by a prompt renewal. 
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In this issue we publish the experts report 
upon the new pumping engines at the Ridge- 
wood Station of the Brooklyn Water-works, 
and also illustrate the engines themselves. 
The duty-test was arigid one, and though the 
result exceeds the guarantee and must be 
satisfactory to the maker of the engines, we 
learn, by a personal visit to the works, that 
the general average daily duty is better still, 
the last official report putting it at 69,000,000 
foot pounds. 

The engines in themselves are handsome in 
appearance and their working leaves nothing 
to be desired; they move without perceptible 
jar or vibration. One of the most noticeable 
advantages is the supplemental steam valve 
appliance by which either pair of engines can 
be run as one, or each half independently as 
may be desired. This is a feature that especi- 
ally commends itself under several conditions 
of service; if by any accident one half of the 
engine is crippled it can be at once cut off and 
repaired, the other half in the meantime doing 
its full duty instead of being entirely thrown 
out of service as is the case with the usual type 
of coupled engines. We learn that the entire 
plant including the two double engines, boilers 
and all connections, save the 36 in.force main, 
shown in the plan, cost $80,000. 


Lr. COMMANDER GORRINGE, in the Sun of 
November 6th, replies to the strictures of 
Capt. Bedford Pim, upon the Panama Canal, 
having especial reference to the charge that 
the canal route is not suited for use by sailing 
vessels owing to a wide belt of prevailing 
calms on the Pacific side. To refute this 
charge as affecting the future canal service, the 
official reports upon the Suez Canal show that 
of the 3,307 vessels passing through that canal 
in 1883, not one was a sailing vessel. Lt. Com- 
mander Gorringe shows that for all commercial 
purposes sailing vessels are rapidly giving way 
to steamers ; the Suez Canal settled that ques- 
tion for Europe and Asia, ani the completion of 
the Panama Canal will do the same for North 
and South America, 

As tothe final completion of the work at Pan- 
ama, Lt. Commander Gorringe uses very much 
the same arguments advanced in a late edi- 
torial in this journal and predicts the opening 
of the canal in January, 1890, at latest, basing 
his estimates upon the progress of the Suez 
Canal, end he also points out the fact that in 
time Panama is two years ahead of the Egyp- 
tian enterprise. 

He believes that the French cannot afford to 
abandon the Panama Canal, and that if neces- 
sary the aid of the government will be invoked. 


Gen. JoHN Newton, Chief of engineers, in 
his annual report, recommends the appropria- 
tion of the funds necessary for the erection of 
heavily armored batteries equipped with guns 
of calibre at least equal to the most powerful 
afloat, and the purchase of torpedo cases and 
electric cables and apparatus, for use in the 
defence of our sea coast towns. 

Gen. Newton believes that the time has ar- 
rived for such action, and that itis folly to sup- 
pose that because foreign nations require our 
cotton and grain we are for that reason exempt 
from attack. The modern system is to make 
war sharp, sudden and decisive,and require 
the defeated party to pay the expenses. In our 
present practically defenceless condition a 
nation much inferior in real strength or impor- 
tance, but equipped with war material more 
modern than ours, could lay our great cities, 
nearly all on the coast, under tribute, and cost 
us treasure and national honor. 

To remedy this actual evil and possible 
shame, the board of engineers estimate that it 
would cost $53,488,000 to properly fortify and 
arm the harbors of Portland, Boston, New 
York, Philadelphia, Baltimore, Hampton 
Roads, New Orleans and San Francisco. The 
estimate for the emplacement of guns, exelud- 
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ing armor guns and machinery, is $10,3s. 9 
Gen. Newton places the estimate for the ¢. 
fence of New York alone at $14,000,000, ‘7),,. 
board state that if the money was now ay,\| 
able, three years would be required to proyije 
either the guns or forts necessary for New Yor 
alone, obtaining the guns from England, (j..,-. 
many and France, and a much longer timp jy 
we attempt to make them ourselves. Py) 
this it is seen that we have no time to waste. 
as in case of a foreign attack the hostile natioy 
would not be likely to give us a two or three 
years warning beforehand. 


rh 


The U.8. Geological Survey. 


The great and National importance of the 
work done in the Far West by Powell, Hayden. 
Wheeler and King is hardly sufficiently appre- 
ciated by the mass of the people of this creat 
country of ours. 

Thirty years ago, and even as late as 1470, 
vast regions lay unexplored, untrodden by 
white men with scientific acquirements suff- 
cient to detail or explain the wonders the, 
met with. The natural resources of this land 
were as a sealed boob, and we knew nothing of 
the value, and little of the extent of our pos.- 
sessions in the greater part of the regions 
west of the Missouri. 

Congress, when first appealed to for aid, failed 
to comprehend the importance of a work seem- 
ingly only of scientific value, and when Dr. 
Hayden was placed in charge of the U.S. Geo- 
logical Survey of the territories, in 1867, it was 
with a meager $5,000 at his disposal. The 
early explorers, poorly equipped asthey were, 
exposed to Indian foes and the dangers and 
privations incidental to expeditions of this 
character, did their work bravely, and gathered 
so much data of importance, and opened so 
great a field to scientific research, that Con- 
gress became more liberal, and gradually in- 
creased its appropriations year by year, until in 
1873 the amount expended upon this object was 
about $100,000, 

The earlier expeditions were independent of 
each other, each exploring some special sec- 
tion; as might be ex); ected, both from the 
manner of conducting the work and the lim- 
ited means at hand, many inaccuracies oc- 
eurred in defining the boundaries of these 
unmapped lands. As Congress paid more 
attention to these interior surveys, the neces- 
sity of consolidation became apparent, and in 
1869 this end was accomplished, and Clarence 
King was placed at their head as Director, to 
be succeeded, however, in a short time by 
Major Powell. 

The Geological Survey is now a recognized 
institution, and is devoted to the systematic 
and thorough investigations of the geology of 
the country. Its reports are models in their 
way, and with each succeeding year old blun- 
ders are corrected, the rugged topography of 
the interior States and territories more care- 
fully mapped, and the natural resources, min- 
eraland agricultural, unfolded for the benefit 
ofa common country. 

Congress, though slow at first to realize the 
fact, never expended money that brought 
back a greater increase in scientific knowl- 
edge and solid financial return, than when 
it appropriated a comparatively paltry sum 
in furthering these territorial surveys. And 
the Government should now further display its 
wisdom by entirely severing the survey from 
the influence of politics and the lobby, and 
putting it solely in the hands of the men 
who have made it whatit is by their devotion 
to science and by personal peril and toil. 


Panama Canal. 


Cube extracted in Sept..1884, 800,000 c. yds. 
Total work to August 30, 1884, 10,487,554 “ 


Total to Sept. 30, 1884, 11,287,554 “ 
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The First Train on the Baltimore and Ohio 
Railroad. 





(From the Baltimore Gazette, Sept. 2, 1830.) 


On Saturday (the 28th of August last) the 
first railroad car, propelled by steam, pro- 
ceeded the whole distance from Baltimore to 
Ellicott’s Mills, and tested a most important 
principle, that curvatures of 400 feet radius 
offer no material impediment to the use of 
steam power on railroads when the wheels are 
constructed with a cone on the principles 
ascertained by Mr. Knight, Chief Engineer of 
the Baltimore and Ohio Railrcad Company, to 
be applicable to such curvatures. The Engineers 
in England have been so decidedly of opinion 
that locomotive steam engines could not be 
used on curved rails, that it was much doubted 
whether the many curvatures on the Balti- 
more and Ohio Railroad would not exclude 
the use of steam-power. We congratulate our 
fellow citizens on the conclusive proof which 
removes for ever all doubt on this subject, and 
establishes the fact that steam power may be 
used on our road with as much facility and 
effect as that of horses, and at a much reduced 
expense. 

The engine (Cooper’s Locomotive engine) 
started from Pratt Street depot, taking the 
lead of a train of carriages. The power of the 
engine is little, if any, over that of one horse, 
and it can be therefore regarded only as a 
working model. Immediately in front of and 
connected with it was a passenger-carriage 
containing (including the engine-attendants) 
twenty-four persons. The aggregate weight 
of carriages, persons, fuel and water, as nearly 
as could be ascertained was estimated at from 
four to four and a half tons. 
the great disproportion of the moving power 
to the load, the following highly gratifying 
results were obtained—the time being accur- 
ately noted by disinterested gentlemen of the 
first respectability : 


ist. mile—performed in 6 minutes 50 seconds, 
the steam in the outset not being fully raised. 


2nd. mile—performed in 5 minutes; 1 minute 
was lost in altering the switch to pass from 
one track to the other. 


3rd. mile—travelled in 6 minutes; 2 minutes 
lost in changing from one track to the other. 
The switch not being in the right place. 

4th. mile—was travelled in 4 minutes 30 
seconds. 


5th mile—travelled in 5 minutes 25 seconds. 


6th mile—travelled in 6 minutes: one minute 
was lost in changing to the other track, 


7th mile—travelled in 5 minutes 30 seconds. 
The engine stopped at the middle depot for 
15 minutes to receive a supply of water. 

8th mile—performed in 6 minutes. 


9th mile—performed in 5 minutes 45 seconds; 
the engine traversing an ascent of 13 feet per 
mile and encountering the numerous curves 
which abound in this part of the road. 


10th. mile—performed in 7 minutes; the en- 
gine still ascending at the rate of 13 feet per 
mile and the road much curved. 


ith mile—in 7 minutes 30 seconds ; the same 
disadvantage of an ascending and curved line 
being still encountered. 


12th mile—in 7 minutes 30 seconds; the as- 
cent being increasd to 18 feet per mile and the 
line curved. 


13th mile—in 6 minutes 30 seconds; the same 
ascending line and curves. 


Making the aggregate passage of thirteen 
miles under the circumstances detailed, in the 
space of one hour and fifteen minutes. 


On the return of the locomotive-engine, at 
5 Pp. M. with four additional passengers or 
thirty in all, seated in the attached carriage, it 
made the entire passage of thirteen miles in 
sicty-one minutes, including the four minutes 
lost in cening in water at the middle depot. 
If this be deducted it will give precisely fifty- 
seven minutes as the time which the engine 
consumed in travelling the distance. It should 
also be borne in mind that these are experi- 
ments merely and that several material im- 
provements have already su ted themselves 
to the inventor. The result, under all the 
circumstances, is highly satisfactory and 
coastitutes another triumph of the efforts of 
American genius. 


Notwithstanding | 
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BY W. B. PARSONS, JR., C. E. 


ROADMASTER SUSQUEHANNA DIVISION ERIE R. R. 





| An extremely useful and labor saving tool is 
\the Track-Jack—for raising track. although 


| the same end is obtained by use of the heavy 


| pinch bar or the wooden track lever. The| 


holds the rail in precisely the same position 
| until it is securely tamped, while a man hold- 
| ing it witha bar is liable to let it move. ‘The 
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Fic. 23.—LIFTING Jack. 


commonest form is shown in Fig. 23, and a 
more improved style, the Fisher-Blunden 


Jack in Fig. 24;+ the advantages of the last are | 
compactness and the great convenience of| perfect drainage; 2. firm, even track: 3. 


being entirely outof the way of passing trains. 
Its weight is about 30lbs., and capacity 15 
tons. Height varies from7tol0in. Bearing 
surface 16in. x 5in. and diameter of screw 
1} in. 

One word upon two points worthy ofa passing 
notice before leaving this subject of tools. 
Unless it is an increase new tools should never 
be issued to a section until the old worn-out 
ones are returned, or a proper excuse offered 
for their non-appearance. By enforcing this 
simple rule carelessness in handling the tools 
can be prevented with corresponding economy 
as the result. 


Secondly, some organizedsystem should be 
adopted as to the method of sending repaired 
tools back and forth between section and shop. 
Generally the foreman ties a tag to the bundle 
and lets it go. Often this tag gets wet and the 
address is obliterated, or else it gets caught 
and is torn off, in which events the tools are 
either held at the shop or else fall into the 
hands of some other gang, while the foreman 
to whom they belong worries and scolds at the 
delay. An easy plan is to proceed as follows: 


Have made some brass 
dises like baggage checks 
on one side of which stamp 
the number of the section 
and the name of the place 
as shown in Fig. 25; on the 
obverse side stamp the ad- 
dress of the shop. Havea 
slot at each end to one of 
which is attached a strap. 
When the check is to be 
fastened to a bundle slip 
the strap through the slot 
at.the other end and across 
the face bearing the ad- 


dress from which the tools are being sent. 
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| left plain. 


| former however is capable of closer work and 
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Thus the address to which they are to go is 
Then attach as an ordinary bag- 
|} gage check. Incase the same shop supplies 
| several divisions, the checks of each division 
can be made of a different form so as to dis 


j 





Fic. 


20.—RACHET-DRILL. (PAGE 200 ante.) 





tinguish them. Asa further guide each tool 
| Should be stamped with the section number to 
| which it belongs. 


BALLAST. 


In construction the road bed is finished to a 
|**sub grade’’ which is generally about one 
foot below “grade” or the bottom of the ties. 
The material which is used to fill up between 
the subgrade and grade is called the ballast. 
Ballast should be of some substance which 
will not retain moisture about the ties and 
through which water can run freely; of such 
| consistency as can be packed solidly under the 
ties and maintain this solidity under the ham- 
mering action of traffic and the softening 
effect of water; not crumble and so get dusty; 
and yet be economical. The materials most 
generally used for pballasting are: Broken 
stone, furnace slag, gravel, cinders and mud. 

| Broken stone best fills the requirements of 
a perfect ballast. Its 1. 
will 
| not freeze solid like gravel, unless a sudden 
frost follows a thaw or rain; 4. does not heave 
in cold weather ; can be worked in wet as 
well as dry weather, 6. increased life to the 
tie; 7. pleasantest to ride over as it is free from 
dust. The best stone is some form of volcanic 
rock like trap. Limestone and some varieties 
of sandstone answer very well, or in fact any 
stone that breaks uniformly in all directions 
and does not crumble easily. For use it 
should be evenly broken, and of such size chat 
it can pass in any way through a 1) ineh ring. 
If stones are large the track will work out 
of line. 

Bailast is most economically broken by some 
form of rock crusher. If possible locate the 
source of supply of material some distance 
above the track, then place the crusher mid- 
way so that the rock can be dropped into it, 
then the broken stone can be passed into 
chutes and loaded on cars as desired. If it is 
to be broken by hand it should be done in 
place in the track. Draw enough broken 
stone to raise the track to proper surface leay- 
ing center empty, which is to be filled with 
large stone, and these broken in place by bal- 
last hammers. The breaking also packs the 
stone firmly and economy results from better 
work and easier loading and unloading of the 
unbroken stone. 

Furnace slag answers the purpose nearly as 
well asstone. Itis extensively used in Eng- 
land where it is drawn from the furnace on an 
endless belt, and then suddenly cooled by 
application of cold water; this hardens and 
breaks it at the same time. Size to be broken 
to and methods of handling same as with 
stone. 





advantages are: 


5. 


TO BE CONTINUED. 


I 


Tue contract for labor and materials, and 
building complete. the basement and area 
walls of the post office, etc., at Council Bluffs, 
Iowa, has jbeen awarded to Mr. J. M. Rice, of 
Austin, Ill.,; at his bid of $12,900. 





The Forth Bridge.’ 
BY B. BAKER. 


(Concluded from page 214,) 

The two heaviest gales occurred in the early 
morning of December 12, 1883, and January 
26, 1884, respectively. On the latter occasion 
much damage was done throughout the 
country, and there was conclusive evidence 
from the extent as well as the intensity of the 
storm, that it was a very exceptional one in 
character. At Inch Garvie the small fixed 
gauge was reported to us as registering 65 1b. 
per square foot, but on inspection I found the 
index pointer could not traverse further or it 
might, perhaps, have indicated much higher. 
At Valencia very strong squalls covering short 
periods were stated to have attained a rate of 
150 miles per hour. At Holyhead lengthened 
squalls of 120 miles and short squalls of higher 
rates were reported. At Alnwick we were told 
that several instances of 10 miles in five 
minutes, or 120 miles an hour, and squalls of 
150 miles occurred. Nowif we assume, as is 
common, the pressure of wind to be equal to 
.005 V2, and accept the velocity of 150 miles as 
correct, we shall have to believe that pressure 
of 112 lb., per square foot were reached at 
Valencia on the west coast of Ireland, and at 
Alnwick on the east coast of England, on the 
26th of January last. I confess I find it much 
easier to believe that the records of ane- 
mometers as at present obtained are utterly 
misleading and valueless for all practical pur- 
poses. I entirely mistrusted our own 65 lb. 
record, even before I knew that the index was 
at the end of its travel. On finding out the 
latter fact, however, I experimented with the 
gauge, and finally in the presence of the in- 
specting officers of the Board of Trade, made 
it register 65lb., by the sudden application of 
&@ pressure not exceeding 20 lb. The momen- 
tum of the light index needle, and not that of 
the pressure plate which was bridled back, 
sufficed to cause the error. 

I look upon the record of 65 Ib., therefore, as 
valueless so far as regards the specific maxi- 
mum pressure attained during the great 
storm, but of considerable value as evidence 
that the highest pressure, whatever it might 
have Leen, partook of the character of a smart 
erk of too instantaneous duration to affect a 
structure of any size or weight. From the 
records generally, and from my own watching 
of the movements of the three gauges, I have 
come to the conclusion that uniform velocity 
and pressure in a wind, whether it may prevail 
or not at cloud heights, can never obtain near 
the surface of the earth or in the neighbor- 
hood of any bridge or other structure capable 
of causing eddies. Unsteady motion must be 
the rule in air as in water, and the threads of 
the currents moving at the highest velocity 
will strike an obstruction successively rather 
than simultaneously, so that the mean pres- 
sure per square foot ona large area must be 
less than that on a small surface from that 
cause alone, irrespective of possible differences 
in the partial vacuum at the back of the 
planes. , 

In the spring of this year, when running 
into Dublin harbor during a heavy broadside 
gale, E took occasion, when in still water but 
in the full blast of the wind, to measure the 
heel of the vessel, and from her elements to 
calculate subsequently the mean pressure 
required. My pressure board in this case was 
about 600) square feet in area, and the deduced 
mean pressure was 12 lb. per square foot. 
From other data I estimated the correspond- 
ing anemometer pressure at fully double the 
preceding amount, and this was perfectly 
rational, because the vessel kept steady at the 
constant heel, whilst heavy local gusts of very 
small area struck different parts of her in a 
distinctly recognizable manner. In short, 


; ee read before the British Association at Mon- 
real. 
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the large area and heavy mass of the hull 
equalized the jerky action of the numerous 
small blasts of high intensity, and a similar 
action doubtless takes effect in ordinary rail- 
way structures, and will to a still greater 
extent in such a large and heavy structure as 
the Forth Bridge. 


Mr. Fowler and I are of opinion, therefore, 
as a result of our two years’ further considera- 
tion, that the assumed pressure of 56 lb. per 
square foot over the whole of the bridge is 
considerably in excess of anything likely to be 
realized. It is another question whether the 
method of estimating the effective area ex- 
posed by the bridge, namely, double the plane 
surface with a deduction of 50 per cent. in the 
case of tubes, is right or wrong. We think it 
is a sufficiently near approximation of the 
truth, for reasons which I will briefly set forth. 

As all engineers well know, one of the re- 
sults of the panic caused by the fall of the Tay 
Bridge was the appointment by the Board of 
Trade of a‘Committee to consider the question 
of wind pressure on railway structures, which 
Committeoc advised the adoption of certain 
rules. Shortly stated, these were: 1. That 
a maximum wind pressure of 56 lb. per square 
foot should be provided for. 2. That the 
effective surface upon which the wind 
takes effect should be assumed at from 
once to twice the front surface according to 
the extent of the openings in the lattice 
girders. 3. That a factor of safety of four for 
the ironwork, and of two for the whole bridge 
overturning as a mass when gravity alone 
comes in, should be adopted. In the case of 
the Forth Bridge we took, with the approval 
of the Board of Trade, the highest ratio for the 
surface, namely, twice: but I must admit that 
I had not at the time the slightest idea whether 
the twice ought not to be thrice and even more, 
and the recommendations of the Committee 
did not assist me, as they were founded on no 
special experiments, and did not accord with 
my own experience so far as it then extended. 
Under these circumstances the necessity of 
further experiments was clearly indicated, 
and we have made them. 


The tension members and the bracing of the 
Forth Bridge, as already explained, are lattice 
box girders and the main compression mem- 
bers are tubes. Thus, in the case of the top 
tension members near the piers, we have the 
front surface of the girder with channel bars 
and projecting flanges, making it essentially 
different to the flat anemometer plate, and 
three corresponding surfaces, situated respec- 
tively about 7 ft., 33 ft., and 40 ft. to the rear of 
the front surface. In the case of the tubes we 
have the tube itself, then a couple of box lattice 
cross braces, with channel bar members, and 
finally another tube. No theory exists which 
could enable us toestimate even approximately 
the equivalent flat surface of such a network; 
and I felt until my scheme of experiment by 
models was realized with satisfactory results, 
that our calculation of stresses from wind 
pressure rested on anything buta logical basis. 
The problem to be solved was how far the 
eddies caused by the front surface affected the 
surfaces of the rear. In the recommendation 
of the ‘‘Wind Committee’’ a front plate 
girder was considered togive complete shelter 
to any girders to the rear of it, but Ithink any 
one who has walked “ Indian file”’ in a gale of 
wind will have noticed that unless he locked 
up pretty closely to the front man he felt 
practically the full force of the gale, and simi- 
larly unless the rear plate girders of a bridge 
be relatively close to the frontgirder the latter 
will not afford anything like complete sheltér. 
It is obvious, therefore, that the depth of the 
girders and the distance apart enter into the 
problem, as well as the question of their being 
plate or lattice; and I may add further that 
the position and character of the floor between 


the girders also materially affect the wind 
stresses. 
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My original idea was to prepare models anq 
test them in actual wind at Inch Garvie, but 
the irregularity of the results, even with the 
flat boards, precluded the possibility of any 
useful data being so obtained. I determined, 
therefore, to abandon the attempt to measure 
actual resistances, but to arrive at the same 
end by getting the equivalent area in flat sur- 
face of the different bridge members and cross 
bracing, and for this purpose devised a very 
simple pendulum arrangement, consisting in 
effect of a crossbar with a model at one end 
and an adjustable flat surface at the other of 
exactly equal weight, which bar was suspended 
at the center, so that the only resistance to 
turning was the torsion of the suspending 
string. On oscillating this pendulum, if the 
flat surface were not the exact equivalent in 
resistance of the model, one or the other 
would advance, and the sensitiveness was such 
that different observers would rarely vary 
more than 3 or 4per cent. in their results. 

To test the sufficiency of this simple appara- 
tus I contrasted the resistances of thin flat 
surfaces and cubes, and my results agreed 
within 2 or 3 per cent. of those obtained in the 
most elaborate manner by Dubuat many years 
ago. Similarly, the results obtained with 
cylindrical surfaces and inclined planes were 
in strict accord with those obtained by previ- 
ous observers and other apparatus. When ex- 
perimenting with sheltered surfaces, however, 
my results differed considerably from previous 
experimental ones, which I must say are sin- 
gularly few in number, having reference to the 
vast importance of the subject to engineers. 
Thus, according to Thibault, the resistance of 
the rear plate of a pair set at a distance apart 
equal to the diameter is .7 of that of the front 
plate, while in my experiments I found no such 
excess until the distance apart was 3} diame- 
ters. I experimented with discs placed at 
from i diameter to 4 diameters apart, and the 
resistance of the two discs in terms of that of 
the single one was in round numbers 1.0 for 
1 diameter; 1.25 for 14 diameters; 1.4 for 2 dia- 
meters; 1.6 for 3 diameters; and 1.8 for 4 dia- 
meters. An increased number of discs placed 
intermediately between the front and rear 
dises little affected the resistance. For ex 
ample, by reducing the 4 diameters to 3.6 
diameters, and extra discs could be introduced 
without increasing the resistance of 1.8, and by 
still further reducing the distance to 3.5 dia- 
meters 4 discs could be employed. This result 
is of great importance in its bearing on rail- 
way bridges where a succession of lattice bars 
may occur one behind the other, which would 
offer a very large surface to the wind if the 
proper way of estimating that surface were to 
take a slightly angular view of the bridge and 
measure up all that was visible. 

It has been already mentioned that in the 
**Wind Committee’s’’ report no addition is 
made of sheltered surfaces in the case of plate 
girders, while it might appear from the fore- 
going experiments that as much as 80 per cent. 
allowance should be made where the girders 
are four depths apart. This would, however, 
be a very fallacious deduction, for it omits all 
consideration of the floor of the bridge. Rea- 
soning from the observed resistance of cubes, 
it may be inferred that the resistance of a 
tubular girder, such as the Britannia Bridge, 
would be only 80 per cent. of that of a single 
flat girder, and clearly the floor of a girder 
bridge, if close plated, makes the conditions 
approximate to that of the tube. Asa matter 
of fact I found that two plates connected by 4 
floor plate at the bottom offered no more than 
90 per cent. of the resistance of the single 
plate. Summarising my cunclusions, for it is 
impossible to give details here, I should say 
that the effective surface of a plate girder 
bridge would range from 90 per cent. to 180 per 
cent. of that of the frofit surface according to 
the distance apart of the girders, the degree of 
openness of the floor, and its position relative 
to the main girder. 
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In many respects the preceding remarks ap- 
ply to lattice girders, but the varying extent 
of the open spaces between the bars introduces 
an additional complication. When the open- 
ings were one-fourth of the whole area, I 
found for a distance of one diameter apart, an 
increased resistance of 8 per cent. from the 
second disc, while with openings of double the 
size, the increase was 30 per cent. At 2 dia- 
meters the respective amounts were 40 per 
cent, and 66 per cent., while at 4 diameters the 
more open lattice reached 94 per cent. In 
other experiments, sometimes with a small 
flat plate in front of a lattice, and sometimes 
in the rear, I obtained at 4 diameters distance 
resistance exactly equal to the sum of the two 
specimens tested separately. 


The top member of the Forth Bridge con- 
sists as I have said of a pair of box lattice 
girders, or as may be said equally truly, of 
four single-web lattice girders. Models of 
these single-web girders, tested in pairs, gave 
20 per cent. increase from the rear girder when 
the distance apart was equal to the depth; 
50 per cent. for two depths; 70 per cent. for 
three depths, and 80 per cent. for four depths. 
When three girders were placed one behind 
the other, the middle girder gave rise to a 
further increase of about 4 per cent. for three 
depths and for four depths; in short it mat- 
tered practically little whether two, three, or 
four girders were used. Two models of a com- 
plete bay of the top member were made, one 
as light as possible and the other somewhat 
heavy. The results were in accord, the resist- 
ance averaging 1.75 times that of plane sur- 
face, while that of each of the lattice box 
girders tested separately was 1.15. As a factor 
of 2 instead of 1.75 was used in the wind calcu- 
lations, the pressure on the lattice members 
has been somewhat over-estimated, but on the 
other hand that on some of the other members 
of the bridge, judging from the results of the 
experiments, has been somewhat underrated. 

The bottom member and the main struts of 
the bridge consist of a pair of tubes braced to- 
gether by box lattice girders. I tested a com- 
plete bay of the bottom member, and found 
the resistance of the two tubes, placed 7 dia- 
meters apart, together with the two box lattice 
braces, of a depth equal to the diameter of the 
tubes, to be 1.1 times that of the plane surface. 
Substituting plate girders for the lattice braces 
the ratio was still only 1.24, so the tube evi- 
dently acted as a sort of cut-water, and by 
clearing a path for the flat surfaces lessened 
their resistance. This was further proved by 
removing one of the tubes and testing the 
single tube and cross lattice bracing. Tube in 
front the resistance was but 80 per cent. of 
that obtained when the lattice was to the fore. 
The lattic bracing tested alone had a resistance 
equal to 60 per cent., while when in position 
between the two tubes, it only increased the 
resistance about 5 per cent. This perhaps was 
to me the most re-assuring of all the experi- 
ments, because, looking at a complete model 
of the bridge, it appeared as if the intricate 
mass of cross bracing must offer an enormous 
resistance to the wind. As a matter of fact, so 
faras my experiments extend, it would seem 
that the eddies caused by the front surface ex- 
tend toa great distance in all directions, and 
in a complex structure the innumerable and 
conflicting eddies would almost appear to 
neutralize each other as regards some of the 
sheltered surfaces. On the other hand, in 
simple isolated structures, such as a pair of 
bars or tubes, the shelter is practically nil at 
distances equal to about 6 diameters, and 
the members might as well be abreast. This 
was welldemonstrated in the experiments by 
arranging the models on the skew so as to imi- 
tate the effect of a wind blowing at an angle to 
the horizon, when constant results were ob- 
tained with widely different angles. 


In the approach viaduct at the Forth the 
lattice girders are under the rails, and there is 







a wind fence on each side. Testing a model of 
this class of construction, I found that the re- 
sistance of the parapet and of the railway 
carriages was only two-third of the correspond- 
ing plane surface, a result due no doubt to the 
ecdies thrown up by the girders. It would ap- 
pear therefore that current estimates of the 
wind pressure required to overturn railway 
carriages on exposed viaducts should be 
further considered, for although an average 
carriage might overturn with a uniform pres- 
sure of 40 lb. per square foot, a 60 lb. wind may 
be necessary to produce the equivalent of that 
pressure. In our model of a pair of lattice 
girders with floor, wind fence, and railway 
carriage on the top, the total resistance was 
but 93 per cent. of that due to the plage sur- 
face. As by the present rules engineers would 
in such a case estimate the equivalent at about 
150 per cent., it follows that in many recent 
and presumably future bridges the actual wind 
stresses may be considerably less than es- 
timated. 

The leading constituent parts of the Forth 
Bridge were tested, as described, by models of 
single members and of complete bays, but we 
proceeded a step further and tested both in air 
and in water a complete metallic model of two 
pairs of cantilevers with cross bracing, inter- 
nal viaduct, and wind fence, together with the 
intermediate part over the Inch Garvie piers. 
The total resistance so ascertained was 9 per 
cent. greater than that obtained by calculation 
on the basis of taking double the plane sur- 
face with a deduction of 50 per cent. in respect 
of tubes. With the models of different parts 
tested separately the excess was 4 per cent. 
This excess would not apply to the moment of 
the wind pressure, because the highest parts 
of the bridge are lattice structures, the resist- 
ance of which was over-estimated. Ifa 56 lb. 
wind ever occurred as a mean over such an 
area as that we are dealing with, it would be 
something greater at the high level of the 
lattice top member and something less at the 
level of the bottom tubes. 


Personally, therefore, I am satisfied that the 
assumption originally made by ourselves and 
the Board of Trade officers was a sufficiently 
close approximation to the truth for all prac- 
tical purposes. Ido not attach undue impor- 
tance to the results obtained by the models, 
nor to the records of our large and small 
pressure boards at the Forth, but at the same 
time to me they have thrown a little daylight 
on many obscure questions respecting the 
actual wind pressure on railway bridges and 
other structures. Mr. Stewart and I would 
sometimes attempt to calculate the resistance 
ofa model upon hypotheses of our own, and 
differ most widely in our results, as others who 
have attempted the same thing have generally 
done. Asingle swing of the long pendulum 
would solve all our doubts and difficulties. 
In arranging the experiments, I had regard to 
Froude’s principles as to velocity relative to 
the scale of the models, and believe the eddies 
and interferences to be similar in kind in the 
models and bridge. Of course what is wanted 
is the measured resistance of actual bridges in 
actual storms, but this I have not yet been 
able to undertake. 

Such experiments as I have been able to 
make have at least served to show how little 
is known about wind stresses, and how necess- 
ary it is that every engineer should seize such 
opportunities as may offer for contributing 
something to the general store of information. 

Two years ago I said I should have preferred 
to have postponed any communication on the 
subject of the Forth Bridge tothe British As- 
sociation “‘until the many points of interest 
and difficulties inseperable from so gigantic an 
undertaking had manifested themselves.’’ 
Iam in much the same position now, for it 
will be gathered frum the present paper that 


no real strain has yet been put upon the re-|'*” 
sources of the contractors, or the capacities of 


the executive officers. 
perhaps, have a more thrilling tale to tell 
Much interest in the work has been evidenced 
by 
and the criticism on the whole has not been 
unfavorable but appreciative. 
has been suggested that the appearance will 
not be as elegant as could be desired, but I re- 
tort,mentally, in Lord Bacon’s words, *‘ Houses 
are built to live in, and not to look on; there- 
fore let use be preferred before uniformity, 
except where both may be had,”’ 
getting both, and our granite faced piers, with 
their simple but bold mouldings, certainly look 






Two years henceI may, 


Continental and American engineers, 


Occasionally it 


We aim at 


better than cluster-columned metallic piers, 
however scientific. Thus far we have suc- 


ceeded in satisfying our masters, and very 


keen critics, the directors of the North-East- 


ern, the Midland, the Great Northern, and 


North British Railways, and the officers of 


the Board of Trade, both as regards the quality 
and appearance of the executed work. 


If I were to pretend that the designing and 
building of the Forth Bridge was not a source 


of present and future anxiety to all concerned, 


no engineer of experience would believe me. 
Necessarily, where no precedent exists, the 
sucessful engineer is he who makes the fewest 
mistakes. We cannot wait for precedents 
and therefore as successive points of doubt or 


difficulty arise, we reason them out onthe best 


data attainable, and then in the land of Burn’s 
we act up to Burn’s favorite motto, 
“On reason build resolve 
That column of true majesty in man!” 
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“The Western Division of the Canadian 
Pacific Railway.’’ '* 


BY THE LATE J.C, JAMES AND ALLAN MACDOUGALL, 
M. INST. C, E., F. B. 8. E. 


(Continued from page 209.) 


GRADING MACHINES. 


Within the last few years a machine has 
been invented for grading roads, railways, and 
other public works in the prairie regions in 
the North-West Territories of the United 


States and Canala. It is a cumbrous-looking 


affair, with a great deal of complicated ma- 
chinery ; still it works well and needs bui little 
looking-after and repairs. The chief cost is in 
oiling the parts; breakages are comparatively 
few. Itcan be described asa large frame on 
wheels; the front wheels are geared into a 
series which work an endless elevated band 
placed across the centre ofthe frame. This 
elevator is capable of being raised and adjus- 
ted; one end is close to the ground, alongside 
of the plough, and the other is 4 feet above, 
and is capable of being raised 4 feet. Opposite 
to the lower end of the elevator is the plough 
which has a heavy beam placed over it for 
weighting it. The director (or ploughman, if 
he may be so termed) stands immediately Over 
the plough, and has a brake-wheel for raising 
and lowering it—an almost constant operation 

Inthe centre of the frame, in front of the 
elevator, is a large horizontal geared wheel for 
raising the elevating arm. The grader is 
drawn along the side-ditch by four teams of 
horses, two abreast, and two more are attached 
in rear to a carriage very much like the Eng- 
lish timber carriage, or janker. As the plough 
progresses, the earth is turned on to the eleva- 
ting band and dropped into position by it; 
after the turf has been taken off by the plough, 
and drawn out and levelled in the bank, noth- 
ing more need be done to the soil, as it drops 
from the band till the dump is finally dressed 








* Additional information, particularly as to the esti- 
mated cost of works,is contained in the following reports 
wnich will be found in the Library of the Institution :— 
** Canadian Pacific Railway: Report of Progress on the 
Explorations and Surveys up to January, 1s7s ” by 
Sandiord loming. Engineer-in-Chief. Also “ Report 
on Surveys and liminary Operations up to January 
;” and Reports 1879 and 1#80. 

other Selected Papers of the Institution of 
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up. It is usual to plough long strips on each 
side of the line, say 4 mile long, to save turn- 
ing: the grader goes up one side, and comes 
down the other. It is claimed by the inven- 
tors and makers of these machines that they 
can place from 900 to 1,000 cubie yards into a 
dump inaday. The record of several used on 
the works during the season is from 800 to 930 
cubic yards per day, and the daily average in 
one case was 1,000 cubic yards for the season, 
whilst 1,260 cubic yards were put in daily for 
a week. With careful management they can 
be used for a whole season without requiring 
serious repairs. The amount of subsidence 
from scraper-work is 10 per cent.,and from 
station and grader-~vork from 15 to 18 per cent. 


BRIDGING, 


The only large bridge west of Brandon will 
be the one over the south branch of the River 
Saskatchewan. It will be 1,000 feet long, in 
five spans of 200 feet each. The piers and 
abutments will be of stone, and the girders of 
wrought-iron. A temporary bridge has been 
erected. Openings for water-courses, coulées, 
and drainage of the land, consist of four bents 
of pile-work, with four piles in each bent. Two 
pile-drivers were brought to the ground and 
used on each bridge. As soon asa bent was 
piled the framers commenced to cut the piles 
and put on the caps and stringers. It was no 
uncommon thing for the framers to be up to 
the pile-drivers as the last pile was driven, 
with the track-layers entering the bridge as 
the last stringer was laid. The stringers are 
laid two under each rail in one span, and three 
under each rail in the alternate span ; they are 
respectively 9 inches by 15inches, and 6 inches 
by 15 inches, laid to rest 12 inches on each cap- 
piece; they are drift-bolted down to the cap, 
and bolted together horizontally- with splice- 
plates 24 inches by 2) inches 4 inch. 


STATIONS, 


The stations are 16 miles apart, with passing 
places halfway between. They have astation- 
building with the necessary offlees, agent, and 
section-boss’ houses, platforms 200 feet long, 
well, pump-house, and frost-proof tank. The 
passing sidings are 2,000 feet long, and each 
station has one track 2,000 feet long and ope 
1,000 feet for general traffic. 

The wells are 10 feet in diameter, 25 feet deep, 
with a drillhole sunk through the sub-stratum 
into the rock, from 150 to 250 feet deep. These 
drill-holes are lined with iron piping 5 inches 
in diameter. Water is pumped into the tanks 
by steam, time not permitting of wind-engines 
being erected, as they take some time to put 
up. Several wind-engines are in use on the 
eastern and southern portions of the line. 
These engines and frost-proof tanks were de- 
scribed in a Paper read befor the Royal -Scot- 
tish Society of Arts by Mr Macdougall.? The 
tanks hold 50,900 gallons each, and the supply 
of water is abundant. 

The station-buildings were erected by a 
series of gangs of workmen following one an- 
other. The first gang put up the framing, | 
joisting, and rafters, ete.; the second put on | 
the sheeting, flooring, and roofing, and they | 
were. followed by the plasterers, joiners, and | 
painters. As each gang finished its particular | 
class of work it moved westward; by which ! 
arrangement four or five stations were being ' 
built at the same time, and each gang got 
through its own division of labor in time to 
allow the next one to come on. There we 
no delavs or hitches inthe work. The station- 
house gang began work 125 miles behind the 
track-layers, and caught them up at the end of 
the season. ‘Two hundred and fifty men em- 


ployed throughout the season ; they built twelve | 
station-houses, twelve section-houses, sixteen | 


temporary and ten permanent water-tanks. 


(thus, 0.40, 0.06, 1.00, ete.). 


i should 
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The sub-grade (or formation) is 14 feet wide, 
with side-slope of 14 to1. A berm 4 feet wide 
is left between the foot of the slopes and the 
side-ditches. The banks are 3feet deep on 
the average in the plains, or prairie. Ground 
was broken towards the end of May, but work 
did not really commence till the Ist of June. 
It progressed very rapidly, till, at the close of 
the season, 6,102,210 cubic yards had been 
shifted, as detailed in the following Table :— 
Cubic Yards. 

737,170 
1,054,326 

1,387,169 
1,386,500 
1,237,847 

299,198 


6,102,210 


June 

July 

August 
September.......... 
October, 

November 


1882 


a) 
se 
sé 


The number of men was reduced on the 8th 
of November; a sufficient number being kept 
on during the winter to complete the grading 
to the crossing of the River Saskatchewan, 
and have it ready for the track-layers in the 
spring. 


TO BE CONTINUED. 
nee 


{Rainfall Observations. 


The New England Meteorological Society 
has issued the-following instructions for Rain- 
fall Observers :— 


Tue New ENGLAND METEOROLOGICAL Society 
requests rainfall observers to conform as far 
as possible to the following rules for locating 
gauges and making observations: 

Location of Gauge. 1. The gauge should 
be placed in an open field, upon grass sod if 
possible. It should be at least thirty feet from 
any building, and if placed nearer any object. 
as a tree or fence, than a distance equal to the 
height of the object, serious error may occur. 
The best location is in a spot where the out- 
look is unobstructed to within 10° of the 
horizon. 

2. ‘The gauge should be sunk in the ground 
to such a depth that its upper rim shall be 
exactly one foot above the surface. It is well 
to place itin a close-fitting box, and to sink 
the box in the ground. If this is done, the 
box should contain holes in the bottom, that 
any rain which enters it may readily pass off, 
and it should be of such a height as to cover 
that portion of the gauge only which is below 
the surface of the ground. ‘The gauge can be 
lifted out, whenever necessary, without dis- 
turbing the box. 

3. The upper rim of the gauge must be hori- 
zontal, Care should be taken that itis not 
thrown out of level by frost or other disturb- 
ance. It is advisable to make sure that it 
remains horizontal by occasionally using a 
hand-level. 

Measurement of rainfall. The rainfall should 
be measured soon after the rain has ceased, in 
order that there may be no loss from evapora- 
tion. The record is to be made in inches and 
hundreths; thus, 1.43 inches. If less than 


jone-tenth of an inch has fallen, the cipher 


must be prefixed to the hundredths figure 
(thus, 0.07) and, for the sake of avoiding all 
ambiguity, it is well always to write three 
tigures, one at the left of the decimal point, 
even if thisis a cipher, and two at the right 
The gauge should 
be emptied after each reading, but the amount 
invariably be written down before 
emptying. The special rules for each form of 


| gauge are given below. 


Measurement of Snowfall. The measurement 
of snow requires special precautions, and even 
when these are taken, satisfactory results are 
not always possible. When there is little or 
no wind the gauge will usuallv collect the 
snow as it falls. The measurement should 
then be made exactly as in the case of rain, 
after melting the snow collected in the gauge. 
The melting may be done by plunging the 


_., | gauge into warm water (if the gauge is of style 
re | No. 2 mentioned below), or by allowing it to 
stand in a warm room; in either case the tup 


| of the gauge should be covered with a piece of 
| board, in order to preventevaporation. Ifthe 
| wind has blown hard, or if for any other reason 
| the gauge does not collect the full amount of 
isnow which would properly fall into it, the 

| following course is to be pursued: 
1. Select by careful trial witb a stick, a apes 
at 


| where the depth of snow is an average of t 


* This Paper does not appear to have been printed 


in the Transactions of the Royal Seottish Society of 
Arts. 


in the vicinity. 

2. At this place, invert the gauge and lower 
it carefully in a vertical position until the rim 
has reached the full dept 


of snow to be -mea-| Dollar. 
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sured. Then slip under a flat piece of tin .; 
other suitable material, and lift out the cauce 
_ 3. Melt the snow thus cellected and mea.:jr¢ 
it as in the case of rain. 

If more than one foot of snow has fallen. j; 

may be impossible to measure the full dey tl: at 
onetime. Ifso, repeat the process, and at th» 
separate recults for the total amount. 
_ Lhe observer is advised to measure the snow 
in the above way, as well as to measure that 
collected in the gauge, whenever more thay 
two or three inches of snow falls, especially if 
there is any wind. 


SPECIAL INSTRUCTIONS FOR THE USE OF 
RECOMMENDED BY THE SOCIETY. 


The Society will be glad to make use of ob- 
servations made with any reliable gauge. [tr 
however regards the gauges described below 
as especially adapted to accurate measure- 
ment of precipitation, and therefore recom- 
mends their use. All of these gauges are made 
of;copper with turned brass rims. They are 
of the best workmanship, and should last tor 
many years. 

Standard Gauge No.1. Diameter, 14.85 in... 
height, 18 inches; weight, 18 lbs. Measure- 
ment by weighing. Cost, $12; with scale, $20. 

The diameter is such that one inch of rain 
weighs 100 ounces; consequently if the rain 
eaucht weighs 43 oz., the result is 0.43 inch. 
Any accurate scale may be used, but if desired 
a Fairbanks’ seale will be furnished, graduated 
to inches and decimals. Observers will coun- 
terweight the inside pee in which the water 
is weighed, with a lead weight on their scales; 
after this has been done the amount of the 
rain in each case can be read ata glance. The 
gauge is made in two parts, the upper of which 
shuts over the lower in such a manner that no 
water can enter except by the funnel. The 
upper or receiving portion is made ten inches 
in depth to prevent outward spattering, and 
an inclined funnel conveys the rain to an inner 
vessel beneath. On lifting off the top this in- 
ner vessel can be removed from its outer cas- 
ing and weighed. For weighing snow, the 
whole gauge is removed to the neighborhood 
of a fire, a board placed over the top, and when 
the snow is melted it is weighed as in the case 
of rain. When very heavy snow-storms occur, 
or where it is evident snow has either been 
blown out of or into the gauge, a section must 
be taken as explained in the general rules. 

Gauge No. 2. Diametér, 8 inches; height, 
14inches; weight, 6} lbs. Cost, $4.25. 


In this gauge the rain is collected in a re- 
ceiver an poured into a seamless drawn cop- 
per tube, 21 inches long. The diameter of the 
tube is 2.55 inches, giving it an area, after al- 
lowing for the displacement of the measuring 
stick, one-tenth that of the tube. Measure- 
ment is made by plunging a stick graduated 
to inches and tenths into the tube, and noting 
the height of the water. Teninches on the 
stick equals one inch of rain, hence the amount 
of rain is one-tenth that noted on the stick 
(thus 15.4inches on the stick equals 1.54 inches 
of rain). A stand should be provided in which 
the tube may be held vertically while the rain 
is poured from the gauge. The tube will 
measure two inches of rain; when this amount 
isexceeded, more than one pouring must. be 
made. The record of each pouring should be 
made before the tube is emptied. The mov- 
able piece in the receiver is to check evapora- 
tion; itshould be taken out when the raintall 
is to be measured. ‘ 

Gauge No.3. Diameter, 8 inches; height. 
20 inches ; weight, 8 lbs. Cost $6. Te 

In this gauge the measuring tube, which is 
10 inches long, is permanently attached to the 
receiver, so that one inch of rain can be meas- 
ured without disturbing the gauge. The 
gauge is in two parts, the lower portion form- 
ing an overflow cylinder into which the rain 
vasses after more than one inch has fallen. 

easurementis made by a graduated stick, as 
in gauge No. 2. Whenever more than an inch of 
rain has fallen, the rain in the tube must first be 
measured, and after this has been poured 
away the amount in the overflow cylinder 
must be poured into the tube and similarly 
measured. Ifmore than two inches has fallen, 
which will sometimes happen, the pouring 
must be repeated until all the rain has been 
measured; the sum of the separate measure- 
ments is the total rainfall. 


Address correspondence relating to rainfall 
observations to the Director . 
PROF. WINSLOW UPTON, 
Providence, R. I 


GAUGES 


**TurNovuts,’’? a hand book for Roadmasters; 
price One Dollar per copy; 1s now for sail at 
this office. , 


ee 
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THE HISTORY AND STATISTICS OF 
AMERICAN WATER-WORKS. 


BY J. JAMES BR. CROES, M. AM. SOC. C. E. : M. INST. C. E. 


(Continued from page 202.) 
DCXCII. 


Belton, Texas, in lat. 31° N., long. 97° 30’ W., 
the county seat of Bell County, was settled 
about 1844, and is now an incorporated town. 

Water-works were built for the town, by the 
Galveston Water Company in 1883-4 after plans 
and under the direction of Michael L. Lynch, 
C.E., the supply being taken from a natural 
reservoir inthe Leon River containing several 
million gallons and being fed by springs. The 
water is pumped by two compound duplex 
Worthington pumps of 10 and 16 in. steam and 
8} in. water cylinders, and 10in. stroke to a 
plate iron tank 20 ft. in diameter and 50ft. high, 
built on a hiil 123ft. above the pumps, and 
80 ft. above the public square, midway between, 
and about one mile distant from each. 

Distribution is by 4} miles of cast iron pipe 
of 8and6in. diameter, with 26 fire hydrants. 
The works having just been completed the 
laying of service pipe has only just begun. 

The works have cost $41,000. The population 
in 1880 was 1,797. 

DCXCIII. 


Columbus, Texas, in lat. 29° 47’ N., long. 96° 
29’ W., the county seat of Colorado County, is 
on the Colorado River. 

Water-works were built in 1883, by a private 
company after plans of G.C. Stevens, C. E., 
taking the supply from the Colorado River 
from which the water is pumped by a duplex 
Blake pump of 12 in. steam and 7 in. water cyl- 
inders and 12 in. stroke to a wooden tank 21 ft. 
in diameter and 18 ft. high holding 38,000 gal- 
lons, on a brick tower 60 ft. in height with 
walls 3} ft. thick at the base and having a 
slight outside batter. The total height above 
the pump is 110ft. Distribution is by 2 miles 
of cast and wrought-iron pipe of 8 to 2 in. 
diameter with 6 fire hydrants. 

The population in 1880 was 1,959 and is now 
said to be 3,200. An attempt was made to 
filter the water through a gallery 50 ft. long 
and 6 ft. deep, filled with brick laid open and 
dry and gravel, but it was found that when the 
pump was started the river broke in and the 
filter was abandoned. 

No further information can be obtained. 


DCXCIV. 


Emaus, Lehigh Co., Pennsylvania, in lat. 

N., long. W., is in a mountainous 

and fertile farming country, and is one of the 

oldest towns in the Staite having been settled 

by Moravians in 1747, It was incorporated a 
borough in 1858. 

Water-works were built in 1871 by the 
borough after plans and under the direction of 
Samuel Lehr, taking the supply from two 
springs on Lehigh Mountain. The water is re- 
ceived into two reservoirs 25 by 36 ft. and 60 by 
36 ft. respectively, and 12 ft. deep buiit of 
masonry laid in cement with an inside coating 
of cement, and being } mile distant from and 
from 250 to 300 ft. above the village. 

Distribution is by 2 miles of cast iron pipe of 
4 and 3 in. diameter with 10 fire hydrants, 
17 gates and 158 taps. Wrought-iron is used 
for services. 

The works have cost $15,000, the bonded debt 
is $14,225 at 4 percent. The receipts to date 
have been $10,425. The expenses in 1883 were 
$21, and the receipts $887. The population in 
1880 was 847. Edward Smith is Superintendent 
end R. Skuler, Treasurer. 


WATER. 





LayeEsBono, Minn., is building water-works. 
Laks View, Ill., will advertise for a new pump of 


AMERICAN CONTRACT JOURNAL. 


LEAD WATER PIPES. 


In aa interesting article describing the Dee Bank 
Lead Works, of Messrs. J. Walker. Parker & Co. (Eng: 
land) the following list is given of the ordinary dimen- 
sions and weight of lead water pipe. The pipe is drawn 
solid by hydraulic.power under a pressure of 2240 Ibs- 
to the square inch: 


j Particulars of Lead Water Pipes 
Inside 








Weight per Ave 
Diameter. Strength. era Length. 
in. Ib. yards. 
Thin (3 35 
Middle 4 32 
s Strong 43 28 
5 24 or 48 
oars 5's 22 or 44 
Thin 3 39 
s 335 35 
Middle 4 32 
Strong 453 28 
hs a 5 48 
: 6 38 
. 7 33 
“ 8 29 
f in 436 28 
Middle 5 24 or 48 
Ss Strong 6 38 
= 7 33 
i? . 29 
Thin 5 24 
¥ 6 20 
Middle 7 25 
Strong 8 22 
% 7 Bhs 20 
pe 9 19 
. 10 17 
e 11 16 
as 12 4 
Thin 7 25 
3 6 2 
Middle 9 19 
ce oe 18 
1 Strong 10 17 
3 ll 16 
2 12 14 
: 14 12 
my 15 11 
Thin 10 17 
= 11 16 
Middle 12 14 
1% - 1234 13 
Strong 14 12 
= 16 11 
(7 12 14 
7 4 12 
1s 4 Middle 15% 11 
Strong 17% 9 
fe 21 * 
hin 15 11 
1% Middle 17 10 
Strong 19 9 
Thin 19 9 
Midd.e 23 7 
Strong 26 7 
a Thin 19 } 
Middle 23 
Strong 26 | a 
a 30 
( Thin % g 
a 
234 Middle 30 2 
Strong 33 ‘ 
hin 36 = 
3 Mid lle 42 a 
Strong 44 a 
hin 45 = 
3h Middle 49 te 
Strong 52 = 
Thin 48 2 
4 Middle 57 
Strong 61 5 
Thin 73 a 
5 Strong 84 
6 ii 68 


Lead Gas Pipe and Patent Composition Gas Pipe. 


Inside Diameter. Weight per Yard. Average Length. 
in. yards, 
4 12 oz. 15 
19 02. 56 
6 2 Ib. 28 
5s 3 Ib. 19 
% 4 lb. 14 
1 534 Ib. 10 
1% 9 Ib. 13 
1 11 Ib. 10 


Tue city of Nashville, Tenn., is much agitated over 
the question of a pure and sufficient water supply. 


Tue first water company incorporated in this coun- 
try, was the Baltimore Water Company, 1792. 


WHEE .ine, W. Va., is much excited over the fact that | h 


its water supply is polluted by the sewage of Pittsburgh 
and Allegheny. . 


Hoveuron, Mich,, with a population of scarcely 
1,600, has issued $25,000 of six per cent, bonds to supply 
the citizens with water. 


Joszrx H. Gorman has been awarded the contract for 
laying the water pipes for the Schuylkill Haven, Pa., 
Water Company, and will begin work at once. 


Tue city council of Dalton, Ga., is considering the 
propriety of taking such steps as are necessary to test 
public sentiment in regard to the establishment of 
water-works. 


Mz. B. H. Hutt, C. E., of Bridgeport, Conu., writes us 
to correct the erroneous impression existing with re- 
gard to the brexk in the Ansonja Land & Water-power 
Company’s dam. The break was in the dike of the 
cana] where excavation was being made for a head gate. 


Tue new Holly Water-works system of Sioux Falls, 
Dak., just completed, has not yet been accepted by the 
city. Several teste have been made, which were not 


5,000,000 gailons capacity for its system of water-works. | entirely satisfactory, owing to breaks in the pipes, and 


227 


other mishaps. Twostreams have been thrown from 
one hydrant, simultaneously, to the height of 125 feet. 


THE system of water-works which the town of Woon- 
socket, R. I., proposes to buy, cost in construction 
$239,186 upon which amount an advance of $50,000, is 
demanded by the company at present owning them. 
The plant consists of a reservoir, with storing capacity 
of 45.000,000 gallons,dam, the farm upon which this is 
situated, pumps with a forcing capacity of 1,500,000 gal- 
lone daily, storage tanks holding 500,000 gallons, sixteen 
miles of pipe, engines and boilers, with telephonic com- 
munication tothe pumping station. the whole making 
& Most complete system. The cost of maintenance, in- 
cluding superintendent, clerks, engineers, general 
utility man and coal, will be about $4,500. 


TuHE North Attleboro Water Works are completed and 
are giving satisfaction in every particular. They can 
show ten fire streams ninety feet high with ease. There 
is about nine miles of piping, and cast iron pipe is 
being used in the construction. The pumping station 
is brick with granite trimmings, and is a fine building. 
The machinery and boilers were furnished by M. T. 
Davidson Steam Pump Co., and is ample to supply 
1,000,000 gallons in twenty-four hours. The water is 
pumped into a reservoir forty feet diameter and sixty- 
two feet high, built by Cunningham Iron Works. Itis 
well located in Whiting’s meadow. The pumping 
machinery is working very satisfactorily. 


JAPANESE WATER-WORKS. 


No. 5 KaGa YaSLUE!, Toxkro, JAPAN, 
OCTOBER 9, 1884, 
Eprror ENGINEERING News :—I see that you advertise 
to send a copy of Mr. Cross’ Statistical Tables of Ameri- 
can Water-works to anyone interested in Water-works, 
Now if you still have copies to spare, I can distribute 
them in a manner that may prove advantageous to ad- 
vertisers, among Japanese engineers, This country is 
not well supplied with water, although that element is 
by no means lacking; it will not be long, however, 
before they commence to build water-works, espevially 
ifthe choleragets after them again in a year or two. 
Very Respectfully, 
J. A. L. WappELL. 
[We have sent 10 copies of the Tables to Prof. Watdell. 
and will send an equal number of the Second Edition 
assoonas is ready.—Editor ENGINEERING News.) 





NEWS OF THE WEEK. 


Railroads and Canals. 


A HorsE railway is to be built from Vera Cruz 
to the village of Boca del Rio Mexico. 


Tue New York, Philadelphia & Norfolk Rail- 
road was completed last week. 


Cotumsia, Tenn., rejoices in the prospect of 
a new street railway. 


Tue track of the Wisconsin, Minnesota & 
Pacific was completed to Watertown, Dak., 
on Oct. 27. 


Tue survey of the Memphis, Oxford & Colum- 
bus railroad is complete. It is thought that 
construction will soon be commenced. 


Forty-six miles of the Minneapolis, Sault 
St. _ & Atlantic have been thrown open to 
traffic. 


Tue Kansas City & Southern, and a line 
known as the Nettleton Road, are engaged in 
a lively race for Kansas City : Clinton, issuuri, 
being the starting point. 


Tue Ottumwa, Cedar Falls & St. Paul Divi- 
sion of the Chicago & Northwestern Railway 
as been opened for business between Belle 
Plaine and Muchachinock, Ia., and trains have 
commenced running. 


A wNeEw railway line, tobe known as the 
Charleston, Marion & Rutherford R., is pro- 
jected; the route will be from Charleston, 8S. 
C., to Gaffney City, on the Piedmont Air Line; 
thence through Rutherfordton to Marion, an 
on to Knoxville, Tenn., where connections for 
Louisville, Ky., Chicago and other points in 
the northwest will be made. 


Catirornia Notes: TheCalifornia & Nevada 
Railroad has track down from Oakland’s water 
front to San Pablo.—Graders on the San Joa- 

uin Narrow Gauge are working both ways 
m Grayson on a seetion about forty miles 
in length.—The branch line of the South Pa- 
cific t from Felton to Beaver Creek is ad- 
vancing rapidly.—The rebuilding and repair- 
ing of lifornia Southern is underway.— 
e Eureka and Eel rivers have completed 
about twenty miles of road.—Work is being 


rapidly pushed on the San Joaquin and Sierra 
Hevads. 
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Tue Chicago and Northwestern is now ex- 
conaing to Ogden, and possibly to the Pacific 
oast. 


Work on the Winona, Alma and Northern is 
being pushed by 400 men between Diamond 
Bluff and Prescott. 


Tue grading is nearly all done between Su- 
perior and Ashland on the Northern Pacific 
extension and iron will soon be laid. 


CONSTRUCTION on the Masenna Springs & 
Fort Covington R. R. began at Bombay, N. Y., 
October 23. Judge Foster is president of the 
company and Dr. Guillis is treasurer. 


Tue Kansas City cable railroad will open for 
business next month. It is 1} miles long, con- 
necting the business center of the city with the 
summit of the bluffs. 


A party of surveyors, under Engineer Hoff- 
man, are running a line between the Junction 
on the Southern division of the Manitoba road 
and Minneapolis. 


THE surveyors on the Chicago, Freeport & 
St. Paul R. are making satisfactory progress 
through Wisconsin. ‘he party isnow at work 
north of Dodgeville, having followed the old 
narrow-guage line all the way. 


ArticLes of Association of the Toledo, Mar- 
shall & Northern Railway have been filed with 
the Secretary of State of Michigan; capital, 
$800,000. No definite time for commencing 
work is given. 


Tuer Baltimore and Ohio Railroad, in order 
to get into New York without using the Penn- 
sylvania’s lines, is said to be contemplating a 
branch to the shore of Delaware Bay, opposite 
Cohansey Creek, N. J 


Tue Tennessee and Ohio, a new railroad, has 
been incorporated in Tennessee to build a road 
from Rogersville Junction, on the East Tenne- 
ssee, Virginia and Georgia, in Hawkins 
County, to Louisville, Ky., thence to Cincin- 
nati. The incorporators are H. M. Aiken,F. M. 
Fulkerson, L. L. Poats, Gen. R. N. Hood and 
Wm. Aiken. 


New York, Oct. 30.—Erastus Wiman, whu 
owns the railroad on Staten Island, has se- 
cured a mile of water front on New York Har- 
bor between Tompkinsville and New Brighton. 
The purchase also includes the cricket ground. 
Mr. Wiman contemplates building a railroad 
along the west shore of the harbor and con- 
necting at Elizabeth, N.J., with the railroad 
system West and South. 


''HERE are to-dayin the South 216 roads, 
divided among the States as follows: Alabama 
22, Arkansas 12, Florida 17, Georgia 32, Ken- 
tucky 22, Louisiana 14, Mississippi 10, North 
Carolina 28, South Carolina 19, Tennessee 24, 
Texas 29, and Virginia 36. Their mileage is 
27,416 miles ; total track laid 31,000 miles, 12,500 
miles of which is in steel rails. 


A press dispatch dated Pittsburgh, Oct. 28, 
says, the Seaboard and Western Railroad will 
be built, Francis Stabler and Mr. Hamilton, of 
New York, two representative men of the 
Company, are now in this city, arranging the 
details at thisend ofthe line. A few weeks ago 
these gentlemen visited Pittsburg and made a 
proposition to the Directors of the Pittsburg 
and Western Railroad asking for an entrance 
into the city over its line, and also for the pur- 
chase of six acres of land on Smoky Island for 
terminal facilities. The Directors of the Pitts- 
burg and Western Road agreed to make certain 
concessions, and articles were drawn by Mr. 
Stabler, which were submitted to the Seaboard 
and Western Directors and adopted by them. 
When completed, the proposed road will be a 
through trunk line from Pittsburg to the Sea- 
— the Lehigh Valley affording an eastern 
outlet. 


Miscellaneous. 


Tue bids on_stone and brick work for the 
ost office at Dallas, Tex., have been rejected. 
ew bids will be called for. 


THE $4,000,000 contract for steel pipe held by 
Mr. Charles Kellogg, to which we referred in 
our issue of Oct. 25th is for pipe to be used for 
water, gas. and sewage, in the City of New 
York. It is understood that the party pur- 
chasing has the right to double the contract at 
the same terms. 


The two wings of the Davis crevasse levee 
onthe Texas Pacific Railroad are about com- 
leted, and the main line of the levee has 
een built up almost even with the treck of 
trestle-work which has been filled in with 
dirt, and which hasa base of 200 feet. This 
portion of the levee will be up even with the 
track of the road, and virtually completed by 
November 1. 


THE contract for the stone and brick work, 
including excavating and concrete foundations 
of the basement and area walls for the court- 
house, etc., at Erie, Pa., has been awarded to 
Henry Shenk, at his bid of $13,419. 


Tue foundation of the new bridge at Alturas, 
Cal., is being put in. 


THE following is an abstract of proposals 
for dredging in Wilmington Harbor, Cal. : 
_ Benson & McNee, San Francisco, Cal., out- 
side, 90 ie. per cubic yard ; inside, 49,4%,c. 
Wm. D. English, Capland, Alameda County, 
Cal., outside, $1.80; inside, 80c, 
No award has been made, 


Tue following is an abstract of the bids 
opened by Major P. C. Hains for the excava- 
tion and removal of wrecks known as Groups 
L, N, M, K,O, F,C: 

E. R. Lowe, New York City, $7,387. 

Wm. E. Chapman, New York City, $9.923. 

S. S. Andrews, Biddeford, Me., $11,394. 
og nee Dredging Company, Philadelphia, 

2,300. 


THE seventh course of stone is now being 
placed on pier No. 2 of the new bridge across 
the Tennessee, at Nashville, which brings it 
some 5 feet above the water. This pier at its 
base is 64 feet long and 18 feet wide, and is to 
be built 100feet high. The first course of 
stone will be placed on the foundation for pier 
No. 1, which is on the west bank of the river. 
The crib is being put down inthe pit that is 
being prepared for laying the foundation of 
pier No. 3. 


The longest tunnel in the southern hemis- 
phere has been recently completed. It will 
conduct the waters of the Nepean and Cor- 
deaux rivers to the Cataract River, at a point 
from which they will be led by a canal to 
Sydney to formthe water supply. This tun- 
nel, which is about 7 feet in height by a little 
over 9 feet wide, extends from the Nepean to 
the Cataract River, a distance of 44 miles. It 
is three years ago last July since the contrac- 
tors began to drive the tunnel through the 
sandstone, and as soon as they commenced 
work they knew they must lose a large sum of 
money on the contract, which was for a little 
under £70,000, but the outlay has been many 
thousands of pounds in excess. 


Tue following is an abstract of the proposals 
for improving Altamaha River, Ga., opened 
by Colonel Q. A. Gillmore, October 17: 

Atkins & Hoffman, Savannah, Ga., fascines, 
$1.45, per cubic vard; stone, $5 per cubic yard; 
gravel, $4.75 per cubic yard; cost on basis in 
specification, $14.10. 

E. H. Gaynor, Savannah, Ga., fascines, $1.17; 
stone, $4.47; gravel, 49c.; cost on basis in 
specifications, $8.47. 

A. J. Howell, New York City, fascines, $1.93; 
stone, $2.61; gravel, 97c.; cost on basis in 
specifications, $9.37. 

Contract awarded to Mr. E. H. Gaynor. 


Tue following is an abstract of the proposals 
for improving Savannah River below Augusta, 
Ga., opened by Colonel Q. A. Gillmore, Oct. 17. 

Atkins & Hoffman, Savannah, Ga. fascines, 
98c. per cubic yard ; stone $1.95 per cubic yard: 
gravel, $1.75 per cubic yard; cost on bases in 
specification, $6.64. 

E. H. Gaynor, Savannah, Ga., fascines, 93c. ; 
stone $2.31: gravel, 47c. ; cost on bases in speci- 
fication, $5.57. i 

J. E. Walter. Rochester, N. Y., fascines, 
$1.40; stone, $2,85; gravel, $2.85; cost on basis 
in specification, $9.90. ; 

A. J. Howell, New York City, fascines, $1.87; 
stone, $2.47; gravel, $1.09; cost on basis in 
specification, $9.17. 

Contract awarded to Mr. E. H. Gaynor. 


Tue following is an abstract of the proposals 
for constructing dam No.5, Kentucky River. 
We tirst give a list of the quantities and kinds 
of materials required, and immediately follow- 
ing aggregate price of the bidders: 


MATERIAL. 


46,524 lineal feet white oak timber, 80,240 
lineal feet underwater timber, 352,588 feet b. m. 
sheeting, 96,000 pounds of spikes, 8,350 pounds 
anchoring rods, 6,000 cubic yards grave] back- 
ing, 19,000 cubic yards rip-rap stone. 


AGGREGATE BIDS. 


J. V. Hoag, Jr., Pittsburg, Pa., $66,505.42. 
Wm. Kirk, Madison, Ind.. $67,778.26. 

B. C. Howell, Fort Gay, W. Va., $73,182.31. 
Thomas J. Hardin, Frankfort, Ky., $79,156. 
C. J. McDonald, Pittsburg, Pa., $100,010.10. 
Contract awarded to J. V. Hoag, Jr. 


Tue Union Bridge Company has closed a 
contract with the Louisville, New Albany and 
aioe paren eae anne — of a oe 
an n en across 
Ohio at Loukvilie, ‘The same company is 


$35; 's : 
| Awarded to Edward Freel. 


NoveMBer 8, 1884 


now at work on a neliee over the Arkansas 

River at Little Rock for the Little Rock Junc- 

tion road. It is of steel and consists of three 

— spans of 250 feet each and a draw of 
2 feet. 


TuHE following is an abstract of ropoesis for 
stone for lock on Wabash Kiver, Indiana and 
illinois. We first give the kinds and quanti- 
ties of stone required and immediately follow- 
ing the aggregate prices of the binders: 


QUANTITIES. 


Cut stone, 1,114 cubic yards dressed face, 
and 711 cubic yards quarry face. 
Squared stone, 1,483 cubic yards. 
Backing stone, 3,048 cubic yards. 
Coping stone, 495 cubic yards. 
PRICES, 


Carmody & Mapel, Greensboro, Pa., $65,947, 
M. J. O’Connor, Louisville, Ky., $70,297.50. 
Henry Helm, Indianapolis, Ind., $80,113.60. 
Stanislaus Bernhart, Attica, Ind., $87,363.50, 
J. V. Hoag, Pittsburg, Pa., $109,850. 

Hoosier Stone Company, Bedford, Ind., 
$123,358.10. 
Contract awarded to Carmody & Mapel. 


TuE following is an abstract of the proposals 
for furnishing stone for the breakwater at 
Saco River. Me.: 

Charles H. Edwards, Boston, Mass., granite, 
class A, 8,500 tons, $1.27} per ton: class B, 2,500 
tons, ,$1.274 per ton: class C, 216 cubic feet 
ashlar, per cubic foot, 75c. 

Hamilton & Soule, Chebeaque, Me., granite, 
class A, $129: class B,no bid: class OC, 68c. 
Blackstone, class A, $1.26: class B, $1.17: class 
C, no bid. 

George W. Andrews, Biddeford, Md..granite, 
class A, $1.24; class B, $1.24; class C, 72c. 

Wm. P. Hurley, Rockland, Me.. granite, 
class A, $1.25; class B, $1.25; class C, $1.25. 

Wendall H. Wyman, Chelsea, Mass., granite, 
class A, $1.36}; class B, $1.37; class C, 95c. 

Davis Tillson, Rockland, Me., granite, class 
A,$1.32; class B, $1.10; class C, 62}c. 

Curit & Hamilton, Chebeaque, Me., granite, 
class A, $1.25; class B, $1.24; class C,67c, — 

Joseph H. White, Hyde Park, Mass., granite, 
class A, $1.29; class B, $1.29; class C, 60c. 

No award made as vet. 


Bips were opened at the office of City Works 
of Brooklyn, N. Y., on the 25 ult., for an outlet- 
sewer, Map O., District 37, running through 
South Fifth Street, Union and Johnston Ave- 
nues, and Knickerbocker Avenue, as follows: 
Section 1--J. H. O’Rourke, 144” diameter brick- 
sewer, $54 per lineal foot; 18” pipe-sewer, $3 

er lineal foot; 15’ pipe-sewer, $2.50 per lineal 
oot; 12” pipe-sewer, $2 per lineal foot; man- 
holes with iron cover, $60; street-basins, $125; 
total, $312,050. Crawford Valentine, 144”, $45; 
18”, $3; 15”, $2.50; 12”, $2; manholes with iron 
cover, $75; street-basins, $125; total, $264,740. 
8. L. Keeney, 144’, $70; 18” $4; 15’, $3.50; 12”, 
$3; manholes, with iron cover, $50; street- 
basins, $150; total, $403,910, George F. Swift, 
144”, $43.73; 18’, $5.50; 15”, $4.75; 12”, $4.75 ; 
manholes with iron cover, $82; street-basins, 
$150; total, $274,704.75. John McNamee, 144”, 
$54; 18”, $2; 15”, $1.75; 12”, $1.40; manholes 
with iron cover, $50; street-basins, $100; total, 
$307,114. Edward Freel, 144’, $43.50; 18”, $2; 
15’, 1.65; 12’, $1.50; manholes with iron cover, 
$51; street-basins, $150; total, $250,771. M. J. 
Dady, 144”, $50; 18”, $3; 15’, $2.50; 12”, $2; 
manholes with cover, $65; street-basins, $100; 
total, $290,805. Cnarles Hart, 144’, $39.47; 18”, 
$1.75; 15”, $1.55; 12”, $1.30; manholes with 
cover, $35 :street-basins, $125 ; total, $226,091.25. 
Contract awarded to Charles Hart. 

Section 2—J. H. O’Rourke, 144” diameter 
brick sewer, $39.94 per lineal foot at the 
center line; 120’, $26; 90’, $20; 48’, $7; 36”, 
$7; and 30’, $7, and for 15” pipe sewers, $2.50; 
and 12”, $2.00; for manholes and iron covers, 
$60 each, and foi street-basins, $125; total, 
$258,110.66. Crawford & Valentine; 144”, $34; 
120’’, $24.50; 90’, $20; 48”, $12; 36”, $10; 30’, $8; 
15’, $2.50; 12”, $2; manholes ‘. and basins, 
$125; total, $224,650. S.L. Keeney, 144”, $50; 
120’, $40; 90”, $37 ; 48”, $6 ; 36”, $5; 30”, $4; 15 ’ 
$3.50; 12”, $3; manholes, $45; street-basins, 
$125; total, $329,740. George F. Swift; 144’, 
$32.87; 120, $25.97; 90, $20; 48”, $13; 36”, 
$9.50; 30’, $8.50; 15”, $4.75; 12”, $4.75; mun- 
holes, $82; street-basins, $150; total, $230,844. 
John McNamee; 144’, $35; 120” $24; 90’, 15; 
48”, $8; 26”, $5; 30”, $4; 15”, $1.75; 12”, $1.40; 
manholes, $44; street-bas ns, $100; total, 
$225,138. Edward Freel; 144”, $30.55; 120’, 
$20.60; 90”, $18; 48”, $8; 36”, $7; 30’, $6; 15", 
$1.60 ; 12”, $1.40; manholes, $51; street-basins, 
$150 ; total, $198,467.50. M.J. Dady; 144”, $40; 
120’, $27 ; 90’, $21; 48”, $6; ; 30”, $5; 15", 
$2.65: 12”, $2: 
$100; $25: Fs 
$33.60; 120”, $ ; 75; 48” $6; 36", 
$5.50; 30”, $7; 15”, $1.55; 12”, $1.30; manholes 
> > total, $215,345.90. 








